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PREFACE  TO  THE  FIEST  EDITION 

The  literature  of  metalliferous  deposits,  in  the  English 
language,  is  by  no  means  inconsiderable.  Numerous  valuable 
disquisitions  have  at  different  times  been  published  either  as 
separate  works  or  as  communications  to  scientific  journals,  but  the 
only  general  and  systematic  treatise  on  the  subject  which  has 
appeared  in  English  is  a  translation  of  Von  Cotta's  Lehre  von  den 
Erzlagerstdtten,  by  Mr.  Frederick  Prime,  published  at  New  York 
in  1870. 

Since  that  date  much  valuable  information  upon  this  subject 
has  been  accumulated,  and  the  investigations  ofDaubree,  Daintree, 
Sandberger,  and  others  have  within  the  last  few  years  thrown 
much  additional  light  upon  the  genesis  of  metalliferous  deposits. 

The  present  work,  which  includes  the  results  of  the  most 
important  recent  investigations,  is  divided  into  two  parts.  In  the 
first,  ore  deposits  in  general  are  described  and  classified,  while,  in 
the  second,  examples  are  given  from  the  principal  mining  regions 
of  the  old  and  the  new  world.  In  this  portion  of  the  work 
many  remarkable  metalliferous  deposits  of  both  ancient  and  recent 
formation  are  described,  while,  as  a  means  of  forming  a  standard 
of  their  comparative  importance,  copious  statistics  of  production 
are  furnished.  Wherever  exact  information  on  this  subject  has 
been  available,  tabulated  statistics  of  the  yield  of  the  principal 
ore-producing  countries  have  been  supplied.  This  appears  to  be 
the  only  way  of  accurately  expressing  the  relative   importance  of 
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different  metalliferous  regions,  and  care  has  been  taken  to  collect 
information  from  trustworthy  sources  only. 

During  the  preparation  of  a  portion  of  the  work  I  have 
had  the  assistance  of  Mr.  B.  H.  Brough,  Associate  of  the 
Royal  School  of  Mines,  and  formerly  student  at  the  Mining 
School  of  Clausthal.  For  a  period  extending  over  several  months, 
Mr.  Brough  was  occupied  in  collecting  statistical  and  other 
information  from  various  foreign  sources,  and  I  am  further 
indebted  to  him  for  numerous  useful  suggestions  with  regard 
to  the  arrangement  of  the  matter,  and  for  the  careful  attention 
which  he  has  bestowed  upon  the  work  while  passing  through 
the  press. 

The  greatest  care  has  been  taken  to  insure  accuracy 
throughout  the  Avork,  and  the  author  hopes  that  but  few 
mistakes  will  be  found  in  it ;  although,  in  collecting  such  a  large 
number  of  facts  from  so  many  different  sources  he  cannot 
expect  to  have  entirely  escaped  falhng  into  error. 

The  Iliustrations  are  from  the  pencil  of  Mr.  Frank  Rutley. 

KessingtoNj  Jidu,  1884. 


PEEFACE  TO  THE  SECOND  EDITION 

Whex  I  commenced  the  task  of  preparing  a  new  Edition  of 
Phillips's  well-known  work,  I  did  so  with  a  full  perception  of  the 
many  difficulties  that  beset  the  undertaking.  Whilst  on  the  one 
hand,  I  had  to  deal  with  a  book  that  had  made  for  itself  a  world- 
wide and  a  well-deserved  reputation,  upon  the  other,  its  subject  has 
within  the  twelve  years  that  have  elapsed  since  its  publication, 
underoone  such  extensive  changes,  both  material  and  theoretical, 
that  it  became  obvious  that  simple  re-editing  was  out  of  the 
question:  I  accordingly  determined  to  introduce  such  modifications 
as,  it  seemed  to  me,  Phillips  himself  might  have  done,  had  he  been 
privileged  to  witness  the  newer  developments  of  the  subject  which 
he  did  so  much  to  advance. 

The  two  parts  into  which  the  book  is  divided  required  very 
different  treatment.  The  first,  or  theoretical  part,  which  deals  with 
the  classification  and  genesis  of  ore  deposits,  had  to  be  eutirely  re- 
written in  accordance  with  modern  ideas,  a  very  great  deal  of  work 
having  been  done  on  this  subject  in  recent  years,  although  but 
little  of  it  has  originated  in  this  country.  In  the  records  of  our 
Geological  Society,  communications  treating  of  the  geology  of  ore 
deposits  are  conspicuous  but  by  their  absence,  nor  have  we  m 
England  any  journal  which,  like  the  Zeitschrift  fur  Fraktische 
Gcolofjie,  is  devoted  especially  to  this  subject ;  we  have  not  even  a 
word  or   a  phrase,  answering  to  the  German  Moiitan-geologie,  to 
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designate  this  particular  branch  of  geology.  It  is  a  curious  reflec- 
tion that  the  neglect  of  the  scientific  study  of  ore  deposits  should 
coincide  with  the  marked  decadence  in  their  practical  working 
which  we  have  to  deplore  in  this  country,  and  it  is  a  fair  matter 
for  surmise  how  far  these  two  facts  may  have  reacted  on  each  other 
as  cause  and  effect.  In  other  countries,  however,  and  especially  in 
Germany  and  America,  the  theory  of  ore  deposits  has  received  its 
due  share  of  attention,  and  it  is  from  the  literature  of  these  two 
nations  that  I  have  drawn  most  of  the  material  for  this  part  of  the 
work.  I  have,  however,  endeavoured  to  adhere  as  closely  as  I 
possibly  could  to  the  original  lines  laid  down  by  the  author. 

At  the  time  when  the  original  work  was  written,  the 
brilliant  and  fascinating  theories  of  Sandberger  had  just  seen 
the  light,  and  Phillips  seems  to  have  been  greatly  swayed  b}' 
them,  more  so,  no  doubt,  than  he  woultl  have  been  were  he 
WTiting  at  the  present  day  with  the  knowledge  that  the  labours 
of  succeeding  investigators  had  been  far  from  confirming  these 
theories  in  their  integrity.  I  do  not  pretend  to  have  put  for- 
ward any  new  theories  on  this  subject ;  I  have  merely  attempted 
to  summarise  as  fairly  as  possible  the  views  held  by  the  various 
schools  of  thinkers,  and  to  reconcile  and  combine  them  as  far  as 
might  be  into  one  approximately  coherent  system,  whilst  yet  at 
the  same  time  retaining  the  original  form,  and  where  possible 
the  language,  of  the  author's  work.  Influenced  very  greatly  by 
the  latter  consideration,  the  result  has  naturally  been  a  com- 
promise far  from  satisfactory  to  myself,  though  I  feel  bound  to 
take  upon  my  own  shoulders  the  responsibility  for  the  whole  of 
the  first  part  as  it  now  stands. 

With  regard  to  the  second  part,  the  case  was  different.  This 
part  is,  in  the  main,  a  record  of  facts  and  observations,  and  I  have 
erased  but  little,  except  in  the  rare  cases  where  the  results  of  more 
extended  operations  have  clearly  disproved  earlier  conjectures  about 
certain  deposits.     I   have  been  mindful  of  the  especial  value  that 
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attaches  to  observations  underground,  because  in  mining,  fresh 
jDhenomena  can  only  be  revealed  by  the  obliteration  of  those 
previously  discovered.  I  hold  that  past  mining  records  must  be 
treated  "nith  more  than  ordinary  reverence,  for,  once  lost,  they  can 
never  be  restored.  I  have,  therefore,  left  the  descriptions  of  mines 
and  mining  districts  practically  intact,  and  have  done  little  more 
than  add  the  results  of  more  recent  studies,  and  insert  accounts  of 
such  fields  and  deposits  as  have  either  been  further  developed,  or 
newly  opened  up,  since  the  original  edition  appeared,  the  list  of 
such  being  a  sufficiently  formidable  one,  and  including  many  that 
are  to-day  of  the  greatest  importance. 

I  fully  endorse  the  opinions  held  by  Phillips  on  the  value  of 
mineral  statistics,  and  have  throughout  preserved  those  of  the 
original  work,  merely  supplementing  them  with  the  most  recent 
reliable  figures  obtainable,  in  almost  every  case  from  official 
sources.  I  venture  to  hope  that  these  will  be  found  as  accurate  as 
mining  statistics  can  be  expected  to  be. 

To  attain  even  the  degree  of  completeness  that  has  been  reached 
in  the  present  volume  would  have  been  practically  impossible  with- 
out the  generous  assistance  that  I  haxe  received  from  friends  and 
correspondents  in  all  quarters  of  the  globe,  which  assistance  I  have 
the  greatest  pleasure  in  herewith  gratefully  acknowledging. 


HENKY   LOUIS. 


XEWC'ASTLE-rPOX-TYXj;. 

August,  1896. 
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PART  I 

ORE    DEPOSITS    IN    GENERAL 

Metals  which  occur  in  a  state  of  approximate  purity  are 
said  to  be  native,  and  when  two  or  more  such  metals  are  found 
in  combination  the  substance  is  called  a  native  alloy.  Usually  the 
metals  sought  after  by  the  miner  are,  however,  not  found  in  the 
native  state,  but  are  mineralised  by  being  united  with  various 
non-metallic  bodies.  In  this  way  they  combine  with  sulphur  or 
chlorine,  giving  rise,  respectively,  to  metallic  sulphides  or  chlorides ; 
with  oxygen  the  metals  form  oxides,  and  with  acids  they  yield 
salts,  such  as  carbonates,  sulphates,  and  phosphates. 

All  natural  combinations  of  a  metal  with  such  mineralising 
substances  are  called  ores  when  the  proportion  of  metal  which  they 
contain,  after  suitable  mechanical  preparation,  is  sufficiently  large 
to  admit  of  their  being  advantageousl}^  treated  by  the  metallurgist. 
Although  perhaps  not  strictly  correct,  any  material  obtained  by 
mining  that  contains  a  workable  proportion  of  a  metal  is  often 
called  an  ore,  even  if  the  whole  of  the  metal  be  present  in  the 
native  state. 

Ores  of  the  different  metals  are  sometimes  found  in  surface 
deposits,  disseminated  through  igneous  and  sedimentary  rocks,  in 
more  or  less  regularly  stratified  or  bedded  formations,  in  detached 
masses,  and,  above  all,  in  veins  of  various  descriptions.     The  non- 
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metalliferous  minerals  forming  part  of  the  latter  are  known  as  the 
matrisi;,  gangue,  or  veinstone.  Metalliferous  minerals  are  found  in 
rocks  of  every  geological  age ;  but  they  occur  most  frequently 
in  mountainous  districts,  and  in  the  older  rocks,  especially  near 
the  junction  of  igneous  rocks  with  those  of  sedimentary  origin. 
They  are  also  frequently  met  with  in  strata  which  have  either 
been  penetrated  by  eruptive  dykes,  or  have  been  subjected  to 
extensive  metamorphic  alteration.  The  ores  of  each  of  the 
different  metals  are,  however,  often  restricted  within  certain 
geological  horizons,  beyond  which  they  seldom  occur  in  remunera- 
tive quantities. 

Gold,  platinum,  and  tin  ore  are  found  in  alluvial  detritus, 
in  which  they  evidently  were  not  formed  by  chemical  action,  but 
have  resulted  from  the  disintegration  of  older  deposits,  Avhose  con- 
stituents have  been  removed  and  re-arranged  by  the  mechanical 
agencv  of  water. 

The  fragments  constituting  these  superficial  deposits  are  usually 
much  water-worn,  and  the  associated  metals  or  metalliferous 
particles  are  mainly  concentrated  in  particular  areas,  over  wdiich 
water  has  flowed  with  great  activity.  Metalliferous  deposits  of 
this  kind  are  usually  of  comparatively  recent  date,  and  are 
generally  not  older  than  the  Tertiary  period,  but  are  known  of 
various  ages,  as  ancient  at  any  rate  as  the  Carboniferous  forma- 
tion. Localities  in  which  alluvial  detritus  is  w^ashed  for  gold  are 
known  as  'placers,  but  w^hen  tinstone  is  the  ore  sought  after,  they 
are  called  sir emnv: oris. 

The  ores  of  iron  and  manganese  are  almost  the  only  metal- 
liferous minerals  usually  occurring  as  stratified  beds,  those  of 
nearly  all  the  other  metals  being  obtained  from  some  other 
variety  of  mineral  deposit. 

Although  aluminium  and  magnesium  are  now^  regularly  pro- 
duced upon  a  commercial  scale,  they  can  scarcely  be  classed 
amono^  metals  derived  from  metalliferous  ores,  in  the  sense  in 
which  that  term  is  usually  understood.  The  same  may  be  said  of 
sodium,  which  is  chiefly  employed  in  the  preparation  of  the  two 
above-mentioned  metals. 

The  miner  like  the  metallurgist  uses  the  w^ord  metal  in  a  con- 
ventional, not  in  a  chemical  sense,  and  restricts  its  meaning  ta 
that  of  "heavy"  metal,  excluding  therefore  such  metals  as  the 
above  and  those  of  the  alkalies  and  alkaline  earths  generally,  and 
includino-  only  the  more  ordinary  metals  of  commerce,  namely, 
gold,  silver,  platinum  (and  the  platinoid  metals),  mercury,  copper. 
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bismuth,  antimony,  arsenic,  lead,  tin,  nickel,  cobalt,  chromium, 
iron,  manganese,  and  zinc.  It  may  be  noted  that  these  metals 
and  their  ores  are  all  objects  of  commerce,  although  some,  like 
cobalt  and  arsenic,  are  not  employed  at  all  in  the  arts  in  the 
metallic  state,  and  others,  like  manganese  and  chromium,  only 
when  alloyed. 


The  Classificatiox  of  Ore  Deposits. 

Metalliferous  deposits   are  found  in   such  varying  forms  and 
under   such    differing  circumstances    that  the   subject    of    their 
classification    is    beset    with   the   gravest    difficulties.      Various 
writers  have  proposed  systems  of  classification,  all  of  which  may, 
broadl}"  speaking,  be  reduced  in  principle  to  two  :  the  morpho- 
logical   and    the    genetic.      The    former    method,  which    groups 
together  mineral  deposits  in    accordance    with    their    form    and 
structure,  is  obviously  more  or  less  empirical,  and    at  best  can 
only  be  looked  upon   as  a    convenient  provisional    aid  to  their 
study,  whilst  the  latter,  which,  if  perfect,  would  give   us  a  true 
natural  system,  is  rendered  so  difficult  as  to  be  all  but  impossible 
in  the  present  state  of  our  ignoi'ance  respecting  the  true  mode  of 
origin    of    these    deposits ;    widely    different    theories   on    most 
points  connected   with  the   formation  of  ore  dejjosits  have  been 
put  forward   by  the   principal  writers  on  the   subject,  and   none 
can  yet  be  considered  as  having  been  definitely  adopted,  although 
the  labours  of  various  observers  have  enabled  us  to  reject  not  a 
few.     At  the   best,  however,  any  genetic   classification   must  be 
but  tentative,  and  it  becomes  a  question  whether  it  is  preferable 
to  rely  upon  a  wholly  empirical  mode  of  division,  that  may  briuo- 
together  in  the  same  group  deposits  of  really  different  origin  and 
nature,  or  whether  it  is  better  to  attempt  an   imperfect  natural 
classification,   in  the  hopes   that    it  may  gradually   be   perfected 
by    the    labours    of    successive    Avorkers,    or   whether    again,    a 
compromise  between   the  two  S3'stems   cannot  be   adopted,   that 
may  preserve  the  advantages  to   some  extent,  of  simplifying  the 
study,   whilst  it  does    not  quite  ignore  the   natural  relations   of 
ore  deposits.    The  latter  is  the  principle  that  will  be  attemj)ted  in 
the  present  volume. 

To  catalogue  the  various  classifications  that  have  been 
proposed  by  the  very  numerous  writers  on  this  subject  would 
occupy  far  too  much  space,  and   would  serve  no  useful  puri^ose. 
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The  systems  of  a  few,  typical  more  or  less  of  the  rest,  will  be 
given  here,  rather  with  the  object  of  showing  how  the  subject  has 
been  attacked  and  in  what  directions  it  has  developed  than  with 
that  of  presenting  anything  like  an  exhaustive  history  of  it. 

The  morphological  system  has  been  followed  by  many 
writers  ;  one  of  the  earliest  was  Waldung  von  Waldenstein  (1824), 
who  divides  ore  deposits  into  tabular  deposits,  stock  deposits, 
and  scattered  masses. 

Von  Cotta-^  goes  somewhat  further,  and  institutes  the 
following  divisions  : — 

I.  Deposits  of  regular  form, 

1.  Beds. 

2.  Veins,  ' 

II.  Deposits  of  irregular  form. 

1.  Masses  (stock works,  contact   masses,  fillings    of 

cavities). 

2.  Impregnations. 

Grimm,  ^  ten  years  later,  followed  much  the  same  general 
plan,  except  that  he  attached  more  importance  to  the  distinction 
whether  the  metalliferous  ores  occur  disseminated  through  a  rock 
or  more  or  less  concentrated  into  a  deposit,  his  classification 
being  the  following  : — 

Division  I.     Impregnations ;  disseoninated  in  rocks. 

Subdivision  1.     Original. 
Subdivision  2.     Secondary. 

Division  II.     As  subordinate  mcmhers  of  strata  or  in  definite 
deposits. 

Subdivision  1.     Tabular  deposits. 

A.  Beds. 

B.  Veins. 

C.  Tabular  segreo-atious. 

Subdivision  2.     Irregularly  shaped  deposits. 

A.  Bedded  masses. 

B.  Pockets,  »&c. 

C.  Stockworks. 

^  Die  Lehre  von  den  ErzlcKjerstcitftn,  1859. 

^  Die  Lmjtrstiitten  der  nutzbareu  Miueralien,  1869,  p.  14. 
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Gallon  in  his  lectures  on  raining  reverts  to  three  divisions  only, 
veins,  beds,  and  masses.  The  most  recent  writer  on  this  subject, 
C.  Le  Neve  Foster,^  uses  the  same  classification  and  separates 
mineral  repositories  into 

Tabular  or  sheet-like  \  ^'  -^.  ■^' 
(  1.   V  ems. 

Non-tabular  3.  Masses. 

Other  writers  have  employed  systems  based  on  morphological 
distinctions  with  the  assistance  of  genetic  characteristics,  and  in 
these  systems  sometimes  the  former  and  sometimes  the  latter 
principle  is  found  to  prevail,  Lottner-Serlo  ^  inclined  to  the  first 
named  method,  and  employed  the  following  classification  : — 

A.  Included  Deposits, 

I.   Tahido.r  deposits, 
a.  Veins. 
l).  Beds  and  seams. 

II.  Massive  deposits. 

a.  Irregular  masses. 
h.  Stockworks. 

III.  Other  irregular  deposits. 

a.  Bunches. 

h.  Pockets. 

c.  Reniform  bunches. 

B.  Superimposed  Deposits. 

IV.  Alluvial  {lUhris)  dejposits. 
V.  Sv/perficial  deposits. 

A.  von  Groddeck  ^  has  used  a  somewhat  similar  system,  but 
has  given  more  weio'ht  to  orenetic  considerations : 

A.  Original  Deposits. 

I.  Stratified  deposits. 


Formed    contem 
poraneously  with 
the  containing 
rocks. 


1.  Massive  ore-beds. 

2.  Segregated  deposits. 

3.  Stratified  ores. 

II.  2Iassive  deposits. 


1  A  Text-hook  of  Ore  and  Stone  Miniwj,  1894. 

-  Leiffaden  zur  Beryhauhnnde,  1868. 

■^  Die  Lehre  von  den  Lagerstdtten  der  Ei-ze,  1879. 


Formed     subse- 
quently to  the 
containing 
rocks. 
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III.  Filling  cavities. 

1.  Filling  fissures. 

a.  In  massive  rocks. 
li.  In  stratified  rocks. 

2.  Fillins:  hollows. 


IV.  Mdamorphic  deposits. 

B.  Fragmentary  Deposits. 

In  a  subsequent  paper  on  the  same  subject/  he  critises  the 
various  systems  employed  up  to  that  time,  and  points  out  with 
much  force  that  his  group  B  is  really  a  subdivision  of  I,  and  that 
his  system  is  therefore  reducible  to  four  groups  only  : 

I.  Stratified  (or  sedimentary)  deposits. 
11.  Massive  (or  eruptive)  deposits. 
III.  Deposits  filling  cavities. 
IV.  Metamorphic  deposits. 

He  however  recognises  in  this  jDaper  that  metasomasis  plays 
an  important  part  in  the  formation  of  ore  deposits  and  suggests 
that  it  may  be  necessary  to  make  a  fifth  class  of  metasomatic 
deposits.  Von  Groddeck  seems  fully  alive  to  the  difficulties  of 
the  problem,  and  points  out  that  metasomatic  or  epigenetic 
deposits  are  often  intimately  connected  with  fissure  veins,  as  for 
instance  when  a  fissure  in  granite  filled  with  tin-bearing  gangue 
is  accompanied  by  a  partial  decomposition  of  the  granite,  resulting 
in  the  deposition  of  tinstone  disseminated  throughout  the  rock, 
or  when  a  hollow  in  limestone,  filled  with  iron  ore  or  calamine,  is 
accompanied  by  a  transformation  of  the  surrounding  limestone 
into  these  ores. 

This  paper  constitutes  a  distinct  advance  in  the  study  of  the 
classification  of  mineral  deposits,  and  embodies  important  develop- 
ments of  the  genetic  principle,  thus  forming  an  appropriate  intro- 
duction to  more  modern  methods. 

Purely  genetic  methods  have  only  been  elaborated  in  recent 
years ;  notably  by  H.  S.  Monroe-  and  H.  F.  Kemp-  in  the  United 
States,  and  by  F.  Posepny,^  on  the  Continent.  Not  one  of  these  is 
completely  satisfactory,  but  it  will  be  interesting  to  collate  the 

^  "  Bemerkungen  zur  Classifikation  der  Erzlagerstiitten,"  Btr<).  n.  H'dtf.  Ztit., 
1885,  p.  217. 

-  J.  F.  Kemp,  The  Ore  Deposits  of  the  United  States,  New  York,  1893,  p.  52. 

^  F.  Posepny,  "The  Genesis  of  Ore  Deposits,"  Trans.  Amer.  Inst.  Min.  Eng., 
xxiii.  1893,  p.  197. 
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latter  with  one  of  the  former,  more  especially  as  they  appear  to 
have  been  evolved  quite  independently  of  each  other.  Kemp's 
system  seems  to  be  an  elaboration  of  Monroe's,  and  though 
:scientific,  is  too  cumbersome  for  ordinary  use. 

Monroe's  classification  of  mineral  deposits  is  the  following  : — 

I.     Of  surf  ace  origin,  beds. 

a.  Mechanical. 

b.  Chemical. 

1.  By  evaporation. 

2.  By  precipitation. 

3.  Residual  deposits  from  solution  of  limestones. 

c.  Organic. 
d.  Complex. 

II.     Of  subterranean  origin. 

a.  Filling  fissures  and  cavities    formed  mechanically. 

1.  Fissure  veins,  lodes. 

2.  Cave  deposits.  "|  The  cavities  of  2  and  3  are  enlarged 

3.  Gash  veins.       J       by  solution  of  limestones. 

h.  Filling  interstitial  places  and  replacing  the  walls. 

1.  Impregnated  beds. 

2.  Fahlbands. 

3.  Stockworks. 

4.  Bonanzas. 

5.  Masses. 

Posepny's  classification : — 

1.  Ore  deposits  in  spaces  of  discission. 

a.  Ore  veins  in  stratified  rocks. 

b.  Ore  veins  in  the  neighbourhood  of  eruptive  masses. 

c.  Ore  veins  wholly  within  large  eruptive  formations. 

:2.  Ore  deposits  in  soluble  rochs. 

Fillings   of   spaces    of   dissolution    and    metasomatic 
deposits. 

3.  Mctamorp)hous  deposits. 

a.  Ores  in  distinctly  stratified  rocks. 

b.  Metasomatic  deposits  in  soluble  rocks. 

c.  Deposits  in  crystalline  schists  and  eruptive  rocks. 
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4.  HysteromorpJious  dtposits. 

a.  Chemical  effects, 

h.  Mechanical  effects. 

c.  Hysteromorphs  of  older  geological  formations. 

It  will  be  noticed  that  Monroe  includes  mineral  deposits  of 
all  kinds,  Avhether  metallic  or  not,  within  his  system,  whilst 
PosejDny  has  considered  ore  deposits  alone  ;  hence  it  is  that  some 
classes  in  the  former,  e.g.,  Ihl  and  Ic,  are  not  represented  in  the 
latter  system,  Monroe's  I  pretty  nearly  corresponds  to  Posepny's 
4  ;  the  former's  11a  is  the  latter's  1  and  part  of  2  apparently ; 
the  former's  1151  is  the  latter's  3«,  and  the  remaining  portion 
of  the  former's  11?^  seems  to  be  approximately  included  in  the 
latter's  3&  and  c.  Posepny  has  worked  uj^on  more  strictly  genetic 
lines  than  has  any  other  writer  on  this  subject,  but  he  has 
naturally  followed  his  own  theories  of  the  mode  of  formation  of 
ore  dejDosits ;  he  has  laid  more  stress  than  any  one  before  him  on 
the  importance  of  metasomasis  (a  convenient  word  introduced  by 
Stelzner  to  signify  the  complete  change  of  rocky  matter  into  ore 
by  the  chemical  rejjlacement  of  one  or  more  of  its  constituents), 
the  influence  of  which  action  in  the  production  of  ore  bodies  is 
becoming  more  distinctly  recognised.  A  comparison  of  these  two 
last  systems  shows  in  the  clearest  way  the  difficulties  that  beset 
purely  genetic  classification  ;  whilst  all  our  theories  on  this  subject 
are  in  a  transition  state,  whilst  the  most  conflicting  views  are 
advanced  by  authorities  entitled  to  the  utmost  respect,  and  whilst 
no  one  has  as  yet  succeeded  in  explaining  the  mode  of  formation  of 
the  simplest  mineral  deposit  in  such  a  way  as  to  be  beyond  the 
reach  of  destructive  criticism,  it  is  perhajos  best  to  avoid  basing  a 
system  of  classification  entirely  on  theories  that  may  at  any 
moment  be  destined  to  undergo  demolition,  and  to  rather  employ 
morphological  characteristics  to  a  considerable  extent,  whilst  giving 
due  value"  to  such  genetic  principles  as  are  pretty  generally  accepted. 
It  is  moreover  indisputable  that  one  and  the  same  deposit  may 
have  owed  its  origin  in  different  parts  to  different  causes,  and 
would  therefore  on  purely  genetic  grounds  be  classed  in  two 
different  groups.  Thus  a  deposit  of  ore  may  fill  a  cavity  produced 
in  places  by  mechanical  action  (by  discission)  and  in  other  parts 
formed  by  solution  (by  erosion).  It  is  indeed  difficult  to  conceive 
of  a  cavity  formed  entirely  by  solvent  action  unless  the  solution 
found  in  the  first  place  a  fissure  through  which  it  could  travel  so 
as  to  enable  it  to  exert  such  action,  whilst  on  the  other  hand  every 
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fissure  through  which  a  current  of  water  is  moving  must  have  its 
walls  more  or  less  dissolved  away  thereby.  The  formation  of  ore 
deposits  has  in  all  probability  been  a  highly  complex  process,  such 
as  would  with  difficulty  admit  of  any  simj)le  classification.  Again, 
seeing  that  in  many  deposits  there  are  two  separate  stages  to  be 
considered — firstly,  the  formation  of  the  cavity,  and  secondly,  the 
the  filling  ujd  thereof  with  the  ore  matter — a  double  system  of 
classification  Avith  its  attendant  complications  seems  inevitable 
if  all  modes  of  occurrence  are  to  find  their  separate  places 
in  it. 

At  the  same  time  it  must  not  be  forgotten  that  the  main 
object  of  classification  is,  after  all,  to  assist  the  practical  miner,  and 
if  possible,  to  guide  him  in  his  exploitation  of  mineral  deposits. 
If  it  were  possible — as  it  may  be  some  day — to  indicate  from  a 
2})'iori  theoretical  considerations,  what  parts  of  a  deposit  are  likely 
to  be  the  most  valuable,  or  in  what  directions  the  researches  of 
the  miner  and  prospector  ought  to  be  prosecuted,  there  would 
then  be  a  veix  strong  argument  in  favour  of  basins;  a  classifi- 

€,00  O 

cation  on  genetic  principles.  Meanwhile,  in  the  present  state 
of  our  knowledge,  we  are  quite  unable  to  do  anything  of  the 
kind. 

The  shape  of  a  deposit  is  the  most  important  factor  in  deter- 
mining the  method  of  exploitation  that  will  be  best  adapted  to 
its  economical  working ;  that  this  is  the  case  is  sufficiently  obvious 
from  the  very  broad  distinction  made  by  practical  men  between 
lode-mining  and  bed-mining,  methods  which  differ  so  widely 
from  each  other  that  their  very  technical  phraseology  is  utterly 
difi"erent. 

Any  efforts  to  advance  a  purely  technical  art  like  raining 
must  place  practical  considerations  in  the  first  place,  and  must 
subordinate  theory  to  a  very  great  extent  to  practical  require- 
ments. Morphological  conditions  must  accordingly  still  be  given 
their  due  weight  in  any  system  of  classification,  for  the  latter  to 
be  of  any  practical  value. 

The  following  system  will  accordingly  be  adopted  in  this 
volume,  not  with  the  belief  that  it  is  in  any  sense  a  perfect  one, 
but  simply  as  a  provisional  method  that  can  be  applied  practically, 
whilst  it  does  not  altogether  lose  sight  of  the  probable  origin  of 
the  various  classes  of  deposits.  At  best  it  is  only  a  compromise, 
and  as  such  cannot  but  have  all  the  defects  that  are  inherent  in 
compromises : — 
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Class  I. — Symphytic  Deposits.^ 

Group  a.  Clastic  deposits. 

Group  5,  Precipitates  from  aqueous  solution. 

Group  c.  Deposits  from  solution,  subsequently  metamorphosed. 

Group  d.  Disseminations  through  sedimentary  beds. 

Class  II. — Epactic  Deposits. 
Sttbclass,  1.    Veins. 

Group  a.  Fissure  veins. 
Group  h.  Bedded  veins. 
Group  c.  Contact  veins. 
Group  (1.  Gash  veins. 

Suhdass  2.  Masses. 

Group  a.  Stockworks. 

Group  h.  Massive  deposits  in  limestone. 

Group  c.  Massive  deposits  connected  with  igneous  rocks. 

Group  d.  Disseminations  in  igneous  rocks. 

^  The  following  was  the  classification  adopted   hy   Phillips   in   his   original 
edition  : — 

T    c,  r  a.   Deposits  formed  by  the  mechanical  action  of  water. 

I.  Superficial.  ,    ^        .  ,  ■     \  ,       •    , 

l  0.   Deposits  resulting  from  chemical  action. 


II.  Stratified. 


III.  Unstratified. 


a.  Deposits  constituting  the  bulk  of  metallifei'ous  beds 
formed  bj'  precipitation  from  aqueous  solutions. 

h.  Beds  originally  deposited  from  solution,  but  subse- 
sequently  altered  by  metamorphism. 

'•.  Ores  disseminated  through  sedimentary  beds,  in 
which  they  have  been  chemically  deposited. 

a.  True  veins. 

b.  Segregated  veins. 

c.  Gash  veins. 

d.  Impregnations. 

e.  Stockworks. 
/.  Fahlbands. 
(J.  Contact  deposits. 

^  h.  Chanil)ers  or  pockets. 

I  have  rejected  this  grouping  for  the  one  given  above  for  various  reasons.  In 
the  first  place,  either  the  superficial  deposits  should  be  classed  as  a  division  of 
the  stratified,  because  they  really  are  stratified,  or  else  deposits  ought  to  be 
divided  first  of  all  into  two  main  groups,  the  superficial  and  the  deepseated  (fide 
"  Bemerkungen  zur  Classifikation  der  Erzlagerstiitten,"  A.  von  Groddeck,  loc.rit.). 
Of  these  two  alternatives,  the  former  appears  to  be  the  more  logical  because  the 
mere  fact  of  a  deposit  being  at  the  surface  or  buried  beneath  say  some  hundreds  of 
feet  of  eruptive  rocks,  e.r/.,  the  deep  leads  of  Victoria  or  California,  does  not  seem 
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Class  I. 

Symphytic  Deposits. 

This  class  is  characterised  by  the  fact  that  all  the  ore  deposits 
included  in  it  have  been  formed  contemporaneoush',  in  a  broad 
geological  sense,  with  the  enclosing  rocks ;  that  is  to  say,  they  are 
original  members  of  the  strata  among  which  they  occur,  being 
always  more  recent  than  the  rocks  upon  which  they  rest,  and  older 

to  constitute  a  distinction  of  sufficient  importance  to  warrant  a  division  based 
upon  it. 

Further,  I  do  not  like  designating  an  important  group  like  III.  by  a  negative 
distinction.  Among  the  subdivisions  of  that  group  I  have  made  a  few  alterations  ; 
I  have  substituted  the  word  "  bedded  "  for  "segregated ''  in  h,  because  the  latter 
implies  a  mode  of  origin  which  is  not  in  all  cases  the  true  one  for  this  class  of 
deposits.     For  the  same  reason  I  prefer  "  disseminations  "'  to  "  impregnations." 

I  hold  that  the  term  segregation  should  be  restricted  sharply  to  those  cases 
in  which  separation  has  occurred  out  of  a  fluid,  semi-fluid  or  plastic  mass,  or  at 
any  rate,  out  of  a  mass,  the  particles  of  which  were  sufficientlj'  mobile  to  admit 
of  their  rearrangement  ;  it  would  thus  be  practically  equivalent  to  the  •'  mag- 
matic  difl:erentiation  "  of  Vogt.  To  take  an  example,  a  nari'ow  veinlike  body  of 
felspai"  in  a  mass  of  granite  is  not  infrequenlh-  met  with.  It  may  have  been 
produced  bj'  the  formation  in  the  first  place  of  a  fissure — a  contraction  fissure, 
perhaps,  or  one  due  to  dynamic  movements — in  the  solid  granite,  and  the  sub- 
sequent leaching  of  the  felspar  out  of  the  rock  by  the  action  of  heated  waters  and 
its  deposition  within  the  crevice.  Or  again,  before  the  complete  solidification  of 
the  granite,  whilst  crj-stallisation  was  still  going  on,  a  certain  qiiantity  of  felspar, 
separating  out  of  the  main  rock-mass,  may  have  coalesced  to  form  a  tabular  mass, 
there  being  no  doubt  that  such  a  tendency  to  aggregation  exists.  The  former  is 
an  example  of  the  mode  of  formation  of  a  vein,  the  latter  of  that  of  a  segregation 
deposit,  and  it  is  to  deposits  formed  in  this  waj' that  I  propose  to  confine  the  term. 

I  have  omitted/,  fahlbands,  because  I  cannot  but  regard  this  as  a  local  modi- 
fication of  fissure  veins  which  has  many  analogies  even  though  but  few  counter- 
parts in  other  districts. 

I  have,  with  some  misgiving,  altered  contact  deposits  to  contact  veins,  because 
their  form  is  generally  veinlike,  and  their  origin  often,  if  not  always,  connected 
with  the  existence  of  a  fissure  or  a  plane  of  weakness  at  the  junction  of  the  rocks. 

Finalh",  I  have  divided  h,  pockets,  into  two  separate  classes,  according  to 
their  occurrence  either  in  soluble  rocks  or  in  igneous  ones,  in  which  their  mode  of 
origin  must  have  been  radically  different.  I  have  not  ventured  on  anj-  more 
drastic  changes,  partly  for  the  reasons  stated  in  the  text  and  partly  because 
I  was  anxious  to  preserve  as  far  as  possible  the  arrangement  of  the  original  work, 
Mhilst  bringing  it  into  line  to  some  extent  with  modern  ideas. 

I  have  ventured  to  name  the  two  chief  classes  of  deposits  respectively 
st/mphytic  and  fj/acfir,  the  first  being  such  as  were  formed  simultaneously  in  a 
geological  sense  with  the  surrounding  rock,  whilst  the  second  have  been  intro- 
duced subsequently.  I  could  find  no  convenient  words  in  the  literature  of  geology 
that  quite  expressed  this  distinction,  and  was  therefore  compelled  to  coin  those 
here  employed,  derived  from  Greek  words  that  were  used  by  Aristotle  to  convey 
the  antithesis  here  intended:  "'H  S'  vyporrjs,  koi  fj  <rv|A4»VTOS,  Kai  rj  eiraKTds,"' 
De  Generatione  Animaliiun,  lib.  iii.  cap.  i. — H.L. 
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than  the  rocks  that  overlie  them.  They  are  true  stratified  deposits, 
and  are  known  as  lech  or  seams.  They  are  characterised  by  a 
position  that  approximates  more  nearly  to  the  horizontal  than  to 
the  vertical,  by  one  dimension,  usually  the  vertical,  being  far 
smaller  than  the  two  others,  and  by,  generally  speaking,  great 
uniformity  over  comparatively  wide  areas. 

Ore  beds  being  thus  stratified  metalliferous  deposits,  interpo- 
lated between  rocks  of  sedimentary  origin  belonging  to  every 
geological  age,  they  lie  parallel  to  the  stratification  of  the 
enclosing  rocks,  and  follow  all  their  contortions.  In  this  way 
ore  beds  form  synclinals  or  hasins,  and  anticlinals  or  saddles,  of 
which  the  upper  portions  are  often  removed  by  denudation. 

When  a  bed  has  been  tilted  from  a  horizontal  position,  its 
maximum  inclination  towards  the  horizon  is  called  its  dip,  and 
the  amount  of  this  dip  may  be  stated  either  in  degrees,  or  by 
saying  that  it  falls  a  certain  number  of  feet  or  inches  in  a  given 
distance.  The  line  at  right  angles  to  the  dip  of  a  bed,  which  is 
consequently  a  horizontal  line,  is  called  its  strike,  and  is  described 
by  its  line  of  compass  bearing,  either  true  or  magnetic  ;  the  former 
is  to  be  preferred,  although  the  latter,  which  has  become  conse- 
crated by  centuries  of  custom,  is  generally  used  by  miners. 

The  line  along  which  a  bed  cuts  the  surface  of  the  ground  is 
called  the  outcrop  or  basset,  and  this,  where  the  surface  is  hori- 
zontal, Avill  correspond  with  the  strike.  Under  no  other  circum- 
stances will  this  be  the  case  unless  the  bed  be  truly  vertical, 
or  unless  the  surface  of  the  ground,  although  inclined,  forms  a 
plane,  whose  trace  is  parallel  to  the  strike  of  the  bed ;  for  all 
other  inclinations  the  outcrop  will  wind  around  with  the  irregu- 
larities of  the  surface,  the  deflections  becoming  greatest  where 
the  dip  is  least  considerable,  and  the  inclination  of  the  surface 
the  most. 

The  layer  immediately  beneath  a  metalliferous  bed  is  called 
\i^  floor,  while  that  which  lies  directly  above  it  is  its  roof.  The 
thickness  of  a  bed  is  measured  by  a  line  perpendicular  to  its 
floor  and  roof.  The  thickness  often  varies  considerably  in  different 
pans,  and  the  bed  may  gradually  thin  out  and  finally  disappear. 
In  many  cases  there  are  no  very  sharp  limits  between  a  metalli- 
ferous bed  and  the  enclosing  rocks. 

Like  all  other  rocks,  metalliferous  beds  are  frequently  divided 
by  fissures  ;  these  are  sometimes  mere  rents  ;  but  often  there  is  not 
only  a  severance  of  the  strata,  but  also  a  displacement  of  the  rocks- 
severed.     In  this  way  jjortions  of  beds  which  were  originally  con- 
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tinuous  are  found  at  very  different  levels  on  the  opijosite  sides 
of  a  fissure,  and  hundreds  of  feet  may  intervene  between  the 
disunited  j^ortions  of  a  bed  once  upon  the  same  plane.  In  such 
cases  the  fissure  is  by  geologists  called  &  fault,  and  is  known  among 
miners  as  a  slip,  slide,  heave,  thrcnv,  trouble,  or  checl'.  The  amount 
of  disturbance  produced  by  a  fault,  measured  vertically,  is  called 
its  tJiroiv,  and  is  often  spoken  of  as  an  ujjtliroiv  or  a  doiunthrow, 
according  to  the  side  from  which  it  is  approached  by  the  workings 
of  the  miner.  When  the  surface  is  horizontal  its  amount  may  be 
measured  perpendicularly  from  the  outcrop,  but  when  this  is  not 
the  case  it  is  measured  from  an  assumed  horizontal  plane.  If  a 
bed,  where  it  is  cut  by  a  fault  at  a.  Fig.  1,  be  50  yards  from  the 
surface  A  b  or  from  an  imaginary  horizontal  line,  and  the  other 
portion  of  the  bed  on  the  opposite  side  of  the  fault  be  at  //  100 


Fig.  1. — Section  of  a  fault. 

yards  below  the  same  line,  the  throw  of  the  fault  is  said  to  be 
50  yards  without  regard  to  the  distance  measured  either  hori- 
zontally from  A  to  B  or  from  a  to  h  along  the  fault,  When  the 
outcrop  of  a  bed  is  cut  by  a  fault,  the  distance  between  the 
two  parts  of  the  broken  bed,  measured  at  right  angles  to  its 
strike,  is  usually  spoken  of  as  the  heave  of  the  fault.  The  character 
of  a  fault  is  much  influenced  by  the  hardness  and  rigidity  of  the 
rocks  traversed  by  it,  while  its  effect  mainly  depends  on  the 
peculiarities  of  the  beds  through  Avhich  it  passes,  with  regard 
to  their  amoimt  of  dip  and  degree  of  contortion ;  the  result  is 
also  much  influenced  by  the  direction  and  inclination  of  the 
fault  itself. 

When  beds  of  a  soft  and  yielding  nature  are  traversed  by  a 
fault,  the  fissure  is  often  bounded  by  tAvo  mere  planes  of  division, 
the  surfaces  of  which  are  frequently  polished  and  striated  by  the 


14 


GEE    DEPOSITS 


PART    I 


friction  to  which  they  have  been  subjected.  These  polished 
surfaces  are  known  under  the  name  of  slickensidcs,  and  occur 
most  numerously  in  the  neighbourhood  of  mineral  veins,  and 
in  rocks  which  have  been  much  subjected  to  disturbing  influences. 
In  some  cases,  although   the  planes  bounding  the  fracture  along 


Fig.  2. — Beds  faulted  without  distortion  ;  section. 

the  line  of  fault  may  be  apparently  sharp  and  clean,  the  beds  on 
either  side  are  traversed  by  numerous  subordinate  slickensides,  as 
though  a  tremulous  grinding  motion  had  been  communicated  to 
the  beds  for  some  distance. 


Fig.  3.— Beds  distorted  bj'  a  fault ;  section. 


In  many  cases  beds  end  abruptly  at  a  fault  witliout  any  kind 
of  disturbance  in  their  direction,  as  seen  in  Fig.  2,  where  the  throw 
is  measured  by  the  vertical  distance  between  the  two  jDortions  of 
the  beds  a,  h,  c,  or  d,  respectively.  They  sometimes,  however, 
apj)ear  to  have  been,  to  some  extent,  distorted  and  bent  out  of 
their  original  position  along  the  plane  of  fault.     This  bending  of 
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the  beds  usually  occurs  in  the  ^vaJ  indicated  in  Fig.  3,  as  might 
be  anticipated  from  the  supposed  nature  of  the  motion  which  has 
taken  j^lace,  and  they  are  then  said  to  dip  to  the  dovjuthroii:  and 
o-ise  to  the  upthrcw.  J.  Beete  Jukes  states  that  he  had  frequently 
been  told  by  coal  miners  that  the  reverse  of  this  bending  some- 
times takes  place,  and  that  he  had  himself  seen  an  example  of 
this  reversed  flexure  at  the  Himley  Colliery,  near  Dudley,  but  was 
unable  to  explain  its  cause.^  It  is  by  no  means  a  rare  pheno- 
menon in  coal  seams. 

A  series  of  parallel  faults  situated  at  short  distances  from  one 
another  sometimes  traverse  a  district  for  considerable  distances, 
and  if  the  throws  are  all  in  the  same  direction,  they  break  up  the 


KiG.  4.— Diagram  of  .step  faults. 


strata  into  a  number  of  steps  as  shown  in  Fig.  4,  formingso-called 
step-faidts. 

When  any  of  the  throws  are  in  contrar}^  directions,  it  is  mani- 
fest that  an  irregular  disruption  of  the  beds  must  be  the  result. 
Two  throws  in  contrary  directions  of  about  the  same  amount  but 
of  different  ages  produce  what  is  known  as  a  trough  fault,  in  which 
a  portion  of  the  bed  is,  so  to  speak,  depressed  below  the  general 
level.  This  form  is  illustrated  by  Fig.  5.  It  has  been  suggested 
that  in  speaking  of  the  inclination  of  faults,  it  might  perhaps  be 
better  not  to  employ  the  term  dip,  as  in  the  case  of  beds,  but  to 
adopt  that  of  hade  or  underlie,  were  it  not  for  the  fact  that  miners 
generally  use  the  terms  hade  and  underlie  in  the  sense  of  an  in- 
clination from  the  vertical.  The  underlie  is  the  complement  of 
the  dip,  which  means  the  inclination  from  the  horizon,  and  thus  a 
plane  which  dips  60°  will  underlie  or  hade  30°.     When,  therefore, 

^  Tht  Student's  Manual  of  Geoloyy,  3rd  Edition,  187:?,  p.  201. 
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these  terms  are  used,  it  is  necessary  that  it  should  be  understood 
in  what  sense  they  are  employed.  The  word  dip  is  always 
intended  to  exjjress  an  inclination  measured  from  the  horizontal, 
while  hade  and  underlie  are  employed  to  signify  an  inclination 
from  the  vertical. 

Whether  the  formation  of  the  fissure  and  the  dislocation  of  the 
beds  occurred  simultaneously  or  not  is  a  question  that  is  still  in 
many  cases  open  to  doubt ;  it  is  however  convenient  to  examine 
the  phenomena  separately  for  the  purpose  of  getting  a  clearer  idea 
of  their  effects.  The  intersection  of  a  bed  by  a  fissure  plane  may 
be  readily  represented  geometrically  and  treated  as  a  simple 
problem  in  the  intersection  of  planes ;  the  direction  and  dip  of 
this  line  of  intersection  is  thus  readily  determined  for  any  given 


Fig.  5. —Diagram  of  trough  fault. 

case,  once  the  directions  and  amounts  of  the  dips  of  the  two  planes 
are  known. 

When  dislocation  has  taken  place  in  addition  to  Assuring, 
the  direction  of  dislocation  in  normal  faults  is  such  that  the 
portion  of  the  bed  that  lies  on  the  inclined  plane  appears  to  have 
slipped  down  relatively  to  the  position  of  the  other  portion ;  thus 
in  Fig.  1  the  portion  at  I)  has  slipped  down  relatively  to  the  part 
a.  It  is  not  meant  by  this  statement  to  suggest  that  the  one 
portion  has  actually  remained  stationary  whilst  the  other  has  sunk 
bodily ;  all  that  is  implied  is  that  the  relative  motion  of  the  two 
portions  of  the  bed  has  been  such,  that  one  portion  seems  to  have 
slipped  down  upon  the  inclined  plane  formed  by  the  fault  fissure. 

This  is  a  point  of  immense  importance  in  practical  mining, 
because  it  furnishes  a  rule,  applicable  in  the  immense  majority  of 
cases,  by  which  the  miner  may  know  in  which  direction  to  look 
for  the  faulted  part  of  the  bed ;  it  forms  the  guide  by  which  he 
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judges  whether  he  is  dealing  with  an  "  uptlirow  "  or  a  "  down- 
throw "  fault.  The  rule  is  often  quoted  thus :  if  in  driving  on  a 
bed  a  fault  is  met  with,  if  it  is  first  met  with  in  the  roof,  "go  down, 
if  first  in  the  floor,  go  ujj  to  find  the  faulted  portion.  The  same  rule 
is  more  tersely  put  in  the  phrase  "  To  find  the  faulted  j)art  of  a  bed, 
follow  the  larger  angle,"  but  it  is  better  expressed  by  saying  that 
"  a  fault  dips  towards  its  downthrow."  Assuming  the  motion  to  have 
been  in  the  direction  of  the  fissure  plane  parallel  to  the  direction 
of  its  dip,  which  seems  to  be  borne  out  by  experience,  it  is  evident 
that  if  the  strike  of  the  fault  plane  form  an  angle  with  the  strike 
of  the  bed,  any  given  point  of  the  bed  at  the  point  of  faulting  will 
be  moved  in  a  direction  forming  an  equal  angle  in  plan  with  the 
dip  of  the  bed ;  this  direction  can  be  resolved  in  the  directions  of 
the  dip  and  strike  of  the  bed,  so  that  whether  a  level  were  being- 
driven  in  the  bed,  or  whether  a  heading  were  being  driven  to  the 
full  dip  (the  usual  directions  of  driving  in  mining),  the  fault  will 
appear  to  have  displaced  the  bed  vertically  as  well  as  horizontally, 
the  amount  of  horizontal  displacement  depending  not  only  upon 
the  amount  of  throw  of  the  fault,  but  upon  the  respective  dips  of 
the  bed  and  the  fault  plane  as  well  as  on  the  angle  between  their 
lines  of  strike.  When  these  last  are  parallel  or  nearly  so,  the 
fault  is  known  as  a  strike  fault,  and  there  is  no  lateral  displace- 
ment; a  fault  parallel  or  nearly  so  to  the  dip  is  called  a  dij)  fault. 
When  a  bed  is  horizontal,  the  strike  of  every  possible  fault  may 
be  said  to  be  parallel  to  a  strike  of  the  bed,  and  hence  there  is  no 
lateral  heave ;  with  a  nearly  horizontal  bed,  it  will  be  so  small  that 
it  may  generally  be  neglected  and  the  vertical  throw  alone  be 
considered.  This  is  very  often  the  case  in  bed  mining,  but,  as  will 
presently  be  seen,  in  vein  mining,  where  the  deposits  often  lie  at 
steep  angles,  the  lateral  dislocation  plays  a  most  important  part. 

Faults  are  sometimes  perpendicular,  and  Jheir  throw  is  then 
not  attended  by  any  horizontal  displacement ;  they  are,  however, 
much  more  frequently  inclined,  and  when  their  throw  follows  the 
normal  rule,  it  is  clear  that  whatever  may  be  the  inclination  of  a 
fault,  no  part  of  any  bed  can  be  brought  vertically  beneath  any 
other  portion  of  the  same  bed,  nor  can  any  superior  strata  be 
brought  immediately  under  those  originally  above  them,  unless  in 
the  unusual  case  of  the  bed  dipping  far  more  steeply  than  the 
fault.  Exceptions  to  this  normal  fault  rule  occur  in  rare  in- 
stances only ;  these  exceptional  instances,  in  which  the  bed  is 
thrown  in  the  direction  of  the  smaller  angle,  or  where  the  fault 
dips  towards  the  upthrow  side,  are  known  by  the  name  of  reversed, 

c 


18 


ORE    DEPOSITS 


overthrust  or  overla-p  faults.  A  diagrammatic  representation  of 
such  a  fault  is  given  in  Fig.  6,  where  it  will  be  observed  that  the 
beds  on  the  right  of  the  fissure  must  either  have  been  forced  up- 
wards, or  have  remained  stationary,  while  those  on  the  other  side 
were  carried  downwards  along  the  line  of  fissure.  Although  the 
occurrence  of  reversed  faults  is  decidedly  exceptional,  they  are, 
nevertheless,  occasionally  met  with. 

The  beds  of  auriferous  conglomerate  that  are  being  so  exten- 
sively worked  on  the  Witwatersrand,  Transvaal,  South  Africa, 
present  numerous  examples  of  overlap  faults.  One  of  these  is 
shown    in    Fig.    7    taken   from  a  coloured  plate  in  Schmeisser's 


Fig.  6. — Diagram  of  reversed  fault. 


well-known  work.^  According  to  Hatch  and  Chalmers,^  the  beds 
are  thrown  up  three  successive  times  in  the  Langaagte  Royal 
mine,  a  gain  in  auriferous  ground  amounting  to  400  feet  being 
produced  thereby,  whilst  on  the  Witwatersrand  Company's 
property  the  so-calle*d  "main  reef"  has  a  double  series  of  outcrops 
some  400  feet  apart  owing  to  an  overthrust  fault. 

It  is  manifest  that  when  strata  which  have  been  much  con- 
torted are  traversed  by  faults  differing  from  one  another  both 
in  dip  and  in  direction,  the  changes  in  the  relative  positions 
of  the  beds  will  sometimes  be  of  a  very  perplexing  character. 
Moreover,  both  beds  and  faults  have  hitherto  been  treated  here  as 
if  they  were  plane  surfaces  and  as  if  the  faulting  movement  were 

1  Ueher  Vorhommen  vnd  Geivinninc/  der  nntzharen  Mineralien  in  der  Sudafri- 
l-anischen  Eepvhiik.     Schmeisser,  Bergrath.     1894. 

~  F.  H.  Hatch  and  J.  A.  Chalmers,  The  Gold  Mines  of  the  Band,  1895,  p.  62. 
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strictly  rectilinear.  This  is  rarely  the  case  in  nature.  The  beds 
are  nearly  always  bent  or  contorted,  the  fault  fissure  is  often  bent 
and  twisted,  and  the  motion  of  one  j)art  of  the  bed  on  the  other 
shows  generally  more  or  less  rotational  or  torsional  movement 
combined  with  the  rectilinear  motion  of  translation,  whilst  the 
amount  of  movement  varies  in  different  parts  of  the  same  fault. 
A  consideration  of  complicated  examples  of  faulting  would  occupy 
more  space  than  can  be  here  devoted  to  the  subject,  but  a  careful 
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I.  Main  Reef.  II.  Middle  Reef.  III.  North  Reef. 

Section  through  the  May  consolidated  gold  mine. 

Fig.  7. -Section  showing  overlap  faults  at  Witwatersrand. 


study  of  such  phenomena  on  the  ground,  having  due  regard  to  the 
foregoing  general  rules,  should  enable  the  observer  to  unravel  all 
ordinary  complications  which  may  present  themselves.  We  shall 
return  to  this  subject  later  on  under  the  heading  of  veins. 

Group  a.  Clastic  Deposits,  or  Deposits  formed  by  the 
Mechanical  Action  of  Water. — These  deposits  have  been  pro- 
duced by  the  degradation  or  disintegration  of  more  ancient  metal- 
liferous deposits  ;  they  may  result  from  direct  weathering  in  situ, 
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but  have  more  often  been  transported  and  redeposited  by  the 
action  of  water.  As  a  general  rule  they  are  nearly  or  quite 
superficial  and  of  recent  geological  epochs,  but  ancient  and 
deep-seated  deposits  are  also  known.  The  most  important  deposits 
of  this  class  are  those  worked  for  gold  and  oxide  of  tin.  These 
often  consist  of  accumulations  of  sand  and  gravel  formed  on  the 
banks  of  streams  or  the  shores  of  lakes  or  seas,  by  the  action  of 
whose  waters  the  aggregation  of  metalliferous  debris  has  been 
effected. 

In  other  cases,  clastic  metalliferous  deposits  represent  the  beds 
of  ancient  rivers,  and  are  frequently  of  great  thickness  and  of 
large  extent. 

Surface  deposits  of  iron  ore  sometimes  belong  to  this  class,  but 
have  more  frequently  been  produced  by  chemical  action. 

Flaecrs. — In  the  case  of  auriferous  quartz,  and  of  the  ores  of 
metals  distributed  through  a  compact  valueless  matrix,  it  is 
necessary,  before  the  metalliferous  portions  can  be  separated,  that 
the  veinstone  should  be  more  or  less  finely  crushed  by  suitable 
machinery.  The  pulverised  material  is  afterwards  subjected  to 
the  action  of  water,  so  set  in  motion  as  to  allow  the  heavier  par- 
ticles, by  obeying  the  laws  of  gravitation,  to  fall  to  the  bottom, 
while  the  non-metalliferous  matrix  is  carried  off  in  suspension. 
All  auriferous  sands  and  gravels  have,  on  the  contrary,  been 
already  pulverised  and  concentrated  by  a  natural  process  of  a 
similar  kind,  and  it  consequently  only  remains  for  the  miner  to 
separate  the  valuable  from  the  valueless  material  either  by  re- 
washing  alone,  or  by  re-washing  assisted  by  the  use  of  mercury. 

The  most  remarkable  and  extensive  accumulations  of  auriferous 
gravels  are  probably  those  of  California,  where  they  are  frequently 
of  very  considerable  thickness,  and  extend  over  areas  of  many 
square  miles  on  the  Pacific  slope  of  the  Sierra  Nevada.^  These, 
which  are  sometimes  known  as  hhie  gravels,  were  formerly  believed 
to  be  of  marine  origin,  but  are  now  recognised  as  materials  brought 
down  by  the  agency  of  currents  of  fresh  water  from  the  moun- 
tains high  above  them  and  deposited,  either  in  the  beds  of  ancient 
rivers,  or  in  lake-like  expansions  of  such  streams.  This  dejDosition 
of  auriferous  detritus  generally  took  place  during  the  latter  por- 
tion of  the  Pliocene  epoch,  as  is  proved  by  the  remains  of  animals 
and  plants  which  it  encloses,  although  some  of  these  would  appear 

^  J.  D.  Whitney,  "The  Auriferous  Gravels  of  the  Sierra  Nevada  of  Cali- 
fornia," Memoirs  of  the  Museum  of  Comparative  Zooloyy  at  Harvard  CoUeyey 
vi.  1880. 
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to  exhibit  certain  Miocene  relationships.  This  deposit  of  detritus 
was  succeeded,  tliroughout  the  whole  extent  of  the  Sierra,  by  an 
outbreak  of  volcanic  activity,  during  which  the  auriferous  drifts 
were,  to  a  large  extent,  covered  by  deep  accumulations  of  ash, 
pumice,  and  lapilli,  which  were  finally  overwhelmed  by  a  general 
outpouring  of  lava.  This  capping  of  an  almost  indestructible 
material,  sometimes  above  a  hundred  feet  in  thickness,  has  thus 
protected  extensive  areas  of  gravel  which  Avould  otherwise  have 
been  swept  away  and  which  now  form  the  "  deep  placers "  or 
"  deep  leads  "  of  the  gold  miner.  The  shallow  placers,  which  were 
in  jilaces  enormously  rich,  like  the  deposits  at  Carson's  Flat, 
Melones  Creek,  &c.,  out  of  which  immense  fortunes  were  taken, 
are  recent  gravels  deposited  by  streams  still  in  existence  and  are 
of  Quaternary  age.  It  was  mainly  these  deposits  that  determined 
the  great  gold  rush  to  California  in  1849. 

The  most  important  chemical  change  Vvdiich  has  taken  place  in 
these  deeper  gravels  subsequent  to  their  deposition,  is  silicification, 
which  becomes  evident  on  examining  the  various  organisms  which 
are  found  embedded  in  them.  The  quantity  of  wood  buried  in 
these  detrital  masses  is  very  large,  and  by  far  the  greater  propor- 
tion of  the  trees  so  found,  has  been  converted  into  opal.  These 
tree  trunks  sometimes  bear  evidence  of  having  been  worn  by  the 
action  of  the  currents  which  bore  them  along  together  with  the 
stony  detritus  in  which  they  finally  became  enclosed.  In  some  cases, 
fragments  of  wood  are  met  with,  which  had  been  more  or  less 
completely  converted  into  lignite  previous  to  silicification.  This 
partial  conversion  into  lignite  may  often  be  observed  in  specimens 
in  other  parts  of  which  direct  silicification  has  taken  place ;  so  that 
the  two  ends  of  the  same  fragment  may  resemble,  respectively,  jet 
and  opal.  The  transition  from  silicified  wood  to  silicified  lignite 
is,  however,  very  gradual,  although  both  often  retain  their  original 
woody  structure. 

The  analyses  of  specimens  of  silicified  wood  and  silicified 
lignite  on  p.  22,  made  in  duplicate  by  the  author  (J.  A.  P.),  will  serve 
to  show  the  difference  in  their  respective  compositions. 

Both  specimens  were  obtained  from  the  trunk  of  the  same 
tree  found  in  the  auriferous  drift  under  a  volcanic  capping,  near 
Nevada  city. 

The  results  show  that  although  all  traces  of  organic  matter 
have  disappeared  from  the  silicified  wood,  the  silicified  lignite 
still  retains  14  per  cent,  of  woody  material.  The  gravels  of 
which  auriferous  deposits  are  composed  have  in  many  instances 
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become  firmly  consolidated  by  a  siliceous  cement,  and  cases  in 
which  large  transparent  crystals  of  quartz  have  formed  in  the 
cavities  between  contiguous  pebbles,  are  by  no  means  unknown. 

In  addition  to  bones  and  teeth  of  the  mastodon  and  of  other 
extinct  mammals,  human  remains,  together  with  various  rude 
works  of  art,  are  stated,  on  trustworthy  authority,  to  have  been 
discovered  in  these  gravels.  The  remains  thus  found  are  supposed 
to  include  the  celebrated  Calaveras  skull,  which  is  stated  to  have 
been  taken  from  the  auriferous  gravel  at  a  depth  of  above  120  feet 
from  the  surface,  and  beneath  a  capping  of  dense  black  lava. 

Among  the  works  of  art  may  be  mentioned  several  curious 
stone  implements  found  in  the  gravels  under  Table  Mountain 
in  Tuolumne  county,  covered  by  150  feet  of  lava.  These  include 
stone  spear- heads,  many  inches  in  length,  mortars  cut  out  of 
granite,  and  various  stone  scoops  and  ladles  with  well-shaped 
handles.  The  evidence  on  the  subject  appears  to  be  now  fairly 
established,  and  would  lead  to  the  conclusion  that  man  must  have 
existed  in  California  in  Pliocene  times,  and  that  he  was  contem- 
poraneous with  the  mastodon  and  other  extinct  animals. 

These  beds  of  auriferous  gravel,  whether  covered  by  lava  flows 
or  not,  have  yielded  the  bulk  of  the  world's  production  of  gold 
until  quite  recent  times ;  in  most  of  the  world's  important  gold 
fields  except  in  those  of  Russia,  the  production  of  reef  gold  is  far 
more  important  now  than  that  of  alluvial,  due  to  a  great  extent 
to  the  greater  facility  with  which  these  beds  could  be  worked, 
and  to  their  very  great  local  richness.  The  shallower  deposits  are 
now  practically  exhausted  in  most  places,  but  the  deeper  lying 
beds  are  still  of  the  greatest  importance  to  the  miner.  They 
are  usually  worked  by  the  process  known  as  hydraulic  mining,  in- 
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troduced  about  1852.  This  consists  in  attacking  the  bank  of 
auriferous  material  Avith  one  or  more  jets  of  water  issuing  from 
nozzles,  sometimes  six  inches  in  diameter,  which  are  connected 
by  a  column  of  wrought-iron  pipes  with  a  reservoir  from  200 
to  400  feet  or  more  above  the  level  of  the  discharge.  In  this 
way  an  enormous  mechanical  force  is  obtained,  and  the  bank 
unless  much  consolidated  by  cement,  is  rapidly  undermined 
and  broken  down.  The  water,  with  the  disintegrated  sand  and 
gravel  resulting  from  this  operation,  is  conducted  through  large 
sluices  provided  with  grooves  or  "  riffles,"  into  which  mercury 
is  introduced  for  the  purpose  of  retaining  the  gold.  This  method  of 
mining  cannot,  however,  be  applied  except  in  localities  where  there 
is  a  proper  fall  for  the  sluice,  and  at  the  same  time  a  sufficient 
depth  below  its  outlet  for  the  accumulation  of  the  resulting 
rubbish  or  tailings.  Every  river  flowing  through  the  auriferou, 
belt  of  the  Sierra  Nevada,  has  acted  as  a  natural  sluice,  the 
inequalities  and  the  upturned  slates  of  its  bed  taking  the  place 
of  riffles  for  the  retention  of  gold,  derived  not  only  from  the 
immediate  disintegration  of  auriferous  outcrops,  but  also  from 
the  re-washing  of  older  gravels.  There  will  therefore  be  no 
difficulty  in  understanding  the  nature  of  the  process  by  which 
a  large  amount  of  the  precious  metal  has  become  concentrated 
within  a  comparatively  limited  space,  and,  consequently,  that 
during  the  first  two  years  after  the  discovery  of  gold  in  California, 
a  vast  majority  of  the  miners  were  occupied  on  "river  diggings." 
These  naturally  enriched  accumulations  having  eventually  become 
exhausted,  it  became  necessary  to  attack  the  original,  more  abun- 
dant, but  poorer,  gravels  lying  at  greater  elevations  above  the 
valleys ;  and  in  order  to  do  this  with  advantage,  a  cheaper  method 
of  working  than  had  hitherto  been  employed  was  required.  Such 
was  the  above-named  hydraulic  system  of  mining,  and  up  to  the 
present  time  a  considerable  portion  of  the  gold  contributed  by 
California  has  been  obtained  from  Pliocene  and  Miocene  gravels. 
The  enormous  quantity  of  detrital  matter  thus  annually  washed 
down  soon  commenced  to  choke  up  the  rivers,  and  in  times 
of  flood  to  be  spread  over  the  lower  lying  lands  of  California. 
The  damage  thus  done  to  navigable  rivers  and  to  agricultural 
lands  was  so  great  that  the  large  majority  of  the  hydraulic  mines 
of  California  were  restrained  from  working  by  legal  injunction, 
until  in  March,  1894,  a  bill,  the  so-called  Caminetti  Act,  was 
passed  by  Congress  to  enable  miners  to  work  hydraulic  claims, 
provided    they  impound    their  cUhris,  under   which  arrangement 
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hydraulic  mining  is  once  again  coming  into  prominence  in  Cali- 
fornia. 

It  is  remarkable  that  the  auriferous  gravels  of  Victoria  are  of 
approximately  the  same  geological  age  as  those  of  California  ; 
they,  however,  more  frequently  than  in  the  latter  country,  re- 
present the  beds  of  ancient  rivers  once  flowing  through  valleys 
which  have  subsequently  been  filled  by  the  outpouring  of  volcanic 
matter.  Victoria  does  not  generally  possess  facilities  for  the 
employment  of  the  hydraulic  process,  and  the  principal  part  of  the 
placer  gold  found  in  that  country  is  consec[uently  obtained  by 
mining  beneath  a  capping  of  compact  lava. 

In  consequence  of  the  absence  of  marine  Tertiary  deposits  in 
New  South  Wales,  and  the  occurrence  of  a  more  complete  series 
of  strata  in  the  Carboniferous  formation,  it  is  difficult  to  correlate 
precisely  the  gold  deposits  of  that  country  with  those  of  Victoria. 
It  is,  however,  generally  admitted  that  they  occur  in  Tertiary 
strata,  and  are  often  of  Pliocene  age,  although  certain  gravels 
which  may  be  possibly  Miocene,  are  also  sometimes  auriferous. 

Several  examples  of  still  more  ancient  auriferous  gravels  can  also 
be  quoted  ;  in  addition  to  the  Californian  deep  leads  of  Miocene  age 
and  the  Quaternary  placers,  Mr.  R.  L.  Dunn  ^  describes  certain 
beds  of  auriferous  conglomerate  of  Cretaceous  or  Pre-cretaceous  age 
on  the  Klamath  River.  In  New  Zealand  gold-beai-ing  gravels  are 
described  by  H.  A.  Gordon  -  as  being  of  Pliocene  and  Upper 
Miocene  age  on  the  West  Coast  of  the  South  Island,  of  Lower 
Cretaceo -Tertiary  age  in  the  Nelson  district,  and  of  Devonian 
age  in  the  same  district,  whilst  in  several  places  strata  of  secondary 
(Jurassic)  age  are  reported  to  contain  gold,  but  not  in  paying 
quantities. 

C.  S.  Wilkinson,  in  the  Geological  Survey  Report  for  1876, 
drew  attention  to  the  occurrence  of  gold  in  ancient  conglomerates 
of  Carboniferous  age,  and  similar  occurrences  are  reported  in  both 
New  South  Wales  and  Queensland.  Small  quantities  of  gold  were 
formerly  collected  near  Besseges,  Departement  du  Gard,  France,  by 
washing  a  coarse-grained  quartzose  conglomerate  of  Lower  Carbon- 
iferous age.  Gold  has  also  been  proved  to  exist  in  minute  propor- 
tions, but  not  in  payable  quantity,  in  the  Carboniferous  formation 
near  Bristol. 

One  of  the  oldest  auriferous  conglomerates  known  is  in  the 

^  Twelfth  Report  of  the  California  State  Mineralogist,  1894,  p.  459. 
"  "  Hysteroniorphous    Auriferous  Deposits   of   the   Tertiary  and   Cretaceous 
Periods  in  New  Zealand,"  Trans.  Amer.  Inst.  Min.  Eng.,  1895. 
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Black  Hills  of  Dakota  ^ ;  there  a  coDglomerate  of  Potsdam  age 
(base  of  Lower  Silurian)  rests  upon  highly  metamorphic  palaeozoic 
schists,  which  are  intersected  by  gold-bearing  quartz  veins,  and  is 
in  turn  covered  by  an  overflow  of  porphyry.  This  conglomerate, 
which  has  been  extensively  worked,  was  very  rich  in  gold  in 
places,  the  gold  occurring  in  smooth,  rather  flattened,  rounded 
grains,  showing  all  the  characteristics  of  placer  gold  ;  a  small 
nugget  weighing  3  dwt.  was  found  in  it. 

Nearly  the  whole  of  the  gold  produced  in  the  Russian  empire 
is  obtained  from  placer  washings,  vein-mining  being  exclusively 
confined  to  the  Ural  Mountains,  and  is  even  there  carried  on 
upon  a  very  limited  scale,  producing  only  about  7  per  cent,  of  the 
total  outjDut  of  the  empire.  The  gold-bearing  alluvium  of  the 
Ural  is  sometimes  a  heavy  clay,  while  in  other  cases  it  is  made  up 
of  water- worn  fragments  of  auriferous  quartz,  chloritic  and  talcose 
schists,  serpentine,  greenstone,  &c.  Some  of  the  more  important 
districts  have  recently  been  exhaustively  studied  by  F.  Posepny,^ 
who  has  described  them  with  much  detail. 

Remains  of  various  extinct  animals  occur  deep  down  in  these 
gravels,  usually  in  the  vicinity  of  the  bed-rock.  They  include  bones 
of  Elcphas  primigcnius,  Bos  aurochs,  and  Rhinoceros  tichorhinus, 
which  are  likewise  found  in  the  gravels  of  western  Europe.  Some 
of  the  auriferous  gravels  of  the  Ural  repose  upon  a  water-worn 
bed-rock  of  hard  highly-inclined  crystalline  limestone,  believed  to 
be  of  Silurian  age  ;  in  other  cases  they  lie  on  a  talc  schist,  or  on 
a  soft  granitic  rock  containing  pyrites  and  but  little  mica,  usually 
known  as  heresite.  The  two  last-named  rocks  are  travei-sed  by 
veins  of  auriferous  quartz. 

Platinum  generally  occurs  with  gold  in  auriferous  gravels, 
and  is  seldom  found  without  that  metal  except  at  Tagilsk  and 
Goroblagodatsk,  in  the  Ural,  where  there  is  little  or  no  gold. 
Platinum  is  obtained  from  placer  diggings  only,  and  has  not 
been  found  to  any  considerable  extent  in  situ,  although  grains  of 
this  metal  are  said  to  have  been  observed  in  the  quartz  of  the 
mines  of  Beresovsk.  In  the  districts  in  which  platinum  occurs 
unaccompanied  by  gold,  the  rocks  in  the  neighbourhood  of  the 
■deposits  consist  of  serpentine  and  peridotite,  while  fragments  of 
these  rocks  predominate  in  the  sands  and  gravels.     Chloritic  and 

^  W.  B.  Devereux,  "The  Occurrence  of  Golil  in  the  Potsdam  Formation,'' 
Trana.  Amer.  Inst.  Min.  Enrj.,  1892,  p.  465. 

'^  "Die  Gold  Districte  von  Berezov  und  Mias  am  Ural,"  Archie flir  Praktische 
■Geolofjie,  ii.  1895,  p.  499. 
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talcose  schists,  together  with  chrome  iron  ore,  are  to  some  extent 
present.  From  the  constant  occurrence  of  this  metal  in  association 
with  gravels  mainly  consisting  of  peridotite  and  serpentine,  it 
is  thought  that  platinum  originally  existed  in  the  form  of  grains 
disseminated  through  these  rocks.  In  addition  to  gold  and  chrome 
iron  ore,  platinum  is  often  associated  with  iridium  and  iridosmine. 

Among  surface  deposits  resulting  from  the  mechanical  action 
of  water  are  those  streaks  of  titaniferous  iron  sand,  often  found  on 
sea  beaches  along  coasts  largely  composed  of  certain  igneous  rocks, 
The  disintegration  of  such  rocks  liberates  crystals  of  magnetite 
and  of  titaniferous  iron  ore,  and  these  minerals  being  heavier  than 
the  felspar,  quartz,  &c.,  with  which  they  are  associated,  become 
concentrated  by  the  action  of  the  waves.  Large  accumulations  of 
black  sands  occur  along  the  shores  of  the  Bay  of  Naples,  at 
Taranaki  in  New  Zealand,  between  Point  Mendocino  in  California 
and  the  mouth  of  the  Umpqua  River  in  Oregon,  and  particularly 
in  Canada  on  the  north  shore  of  the  St.  Lawrence,  from  theMoisie 
River  eastward.  The  ferruginous  sands  are  here  derived  from  the 
waste  of  the  norite  or  labradorite  rocks  of  the  Upper  Laurentian 
series,  which  are  largely  made  up  of  labradorite  and  hyper- 
sthene,  with  magnetic  and  titaniferous  iron  ore,  &c.  At  Miugan, 
Natasquan,  and  at  several  other  points  along  the  Labrador  coast, 
iron  sands  occur  under  generally  similar  conditions.  The  production 
of  cast  iron  from  these  sands  is  rendered  diflficult  by  their  extremely 
fine  state  of  division,  but  they  have  sometimes  been  advantageously 
employed  for  the  direct  production  of  blooms  in  the  open  fire. 

On  the  Moisie  River,  charcoal  bloomeries  have  been  erected 
to  work  the  iron  sands,  but  not  with  much  financial  success, 
although  excellent  iron  has  thus  been  made.  The  high  percentage 
of  titanic  acid,  as  shown  in  the  annexed  analysis  by  H.  Louis,  is 
a  source  of  difficulty,  nor  does  it  yet  seem  that  definite  success 
has  attended  attempts  to  separate  the  magnetite  grains  from  those 
of  ilmenite  by  electro-magnetic  separators. 

Analysis  of  Moisie  iron  sands  : — 

Peroxide  of  iron      5r06 1  ^t  .   n-    •  --  ro  * 

Protoxide  of  iron 25-44h^^^*^^l''=  "'°"' ^^^- P*'^  ^^"^- 

Sesqnioxide  of  manganese     ...      0-25 

Alumina 2 '64 

Lime  ~i 

Magnesia/      t^'''^^^«- 

Silica 6-55 

Titanic  acid 14-01 

Sulphur  )  .    1  ,         •      1 

Phosphoric  acid    \      '    '  '^°^  (determined. 

99-95 
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The  black  sands  on  the  coast  of  California  are  not  unfre- 
quently  auriferous,  and  are  sometimes  washed  for  the  gold  which 
they  afford. 

The  most  productive  of  these  deposits  are  on  the  shores  in  the 
neighbourhood  of  the  Klamath  River  in  Siskiyou,  in  Humboldt 
and  San  Francisco  counties ;  ^  these  are  worked  spasmodically 
and  without  great  success  OAving  to  the  uncertainty  of  the  work 
and  the  irregularity  of  the  results  due  to  the  difliculties  of  working- 
deposits  mostly  covered  at  high  tide,  and  continually  liable  to  be 
shifted  by  the  action  of  the  sea.  The  gold  is  associated  with 
platinum  and  is  found  in  small  grains,  assays  varying  from  $5  to 
$30  to  the  ton  having  been  reported."' 

In  New  Zealand  a  great  deal  of  gold  has  been  obtained  from 
beach  deposits,  especially  on  the  ocean  beaches  of  the  West  Coast 
of  the  Middle  Island.  These  have  been  worked  both  in  sluices  and 
by  dredging,  the  latter  method  being  at  present  pursued  in  several 
places.  Accurate  statistics  of  results  seem  not  to  be  obtainable, 
but  it  appears  from  the  reports  of  the  Mines  Department  of  New 
Zealand  for  1889-90,  that  two  dredging  companies  were  working 
beach  deposits  profitably  though  only  obtaining  2'78  grains  and 
3'17  grains  of  gold  to  the  ton  respectively. 

Another  very  interesting  deposit  of  this  class  is  one  that  has 
been  worked  intermittently  on  the  coast  of  Malaka  to  a  small 
extent.  On  several  occasions  it  has  been  noticed  that  tinstone — 
probably  brought  down  by  some  of  the  rivers  to  the  north  of  this 
colony — had  become  concentrated  by  natural  means  upon  portions 
of  the  beacli.  Occasional  rushes  of  Chinese  and  Malays  to  work 
this  beach  tinstone  have  taken  place,  but  the  quantity  was  always 
small  and  soon  exhausted,  and  the  industry  has  never  remained 
permanent  for  any  length  of  time.  The  last  of  these  rushes  was 
at  the  end  of  1891  and  commencement  of  1892,  when  about  a 
couple  of  hundred  men  worked  the  beach  for  some  20  miles  from 
Kampong  Ling  to  Tanjong  Bruas.  The  ore  was  found  in  layers 
1  inch  to  1  foot  deep  sloping  towards  the  sea,  each  patch  of  ore 
being,  however,  of  somewhat  limited  extent.  The  sand  was 
washed  on  the  spot  in  little  wooden  troughs  about  7  feet  long  by 
means  of  sea  water  jjoured  on  by  hand,  and  was  thus  concentrated 
to  about  one-fifth  or  one-sixth  of  its  weight.  This  was  then  taken 
inland  to  rather  larger  washing  troughs  established  on  the  banks 


^  Reports  of  the  State  Mineral orjist  for  California  for  1890  and  1892. 
^  A.  J.  Bowie,  Hijdraidic  Mining,  1885,  p.  80. 
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of  a  convenient  stream,  and  still  further  concentrated  to  about 
two-thirds  of  its  weight,  in  which  state  it  was  offered  for  sale  to 
the  smelters.  It  proved,  however,  to  be  almost  all  ihnenite  with 
only  some  15  per  cent,  of  metallic  tin  ;  the  difficulty  of  economi- 
cally separating  these  two  minerals  witli  the  crude  appliances 
mentioned  above  was  too  great  for  the  natives  or  the  Chinese, 
and  these  workings  were  accordingly  abandoned. 

In  the  Nonkreem  valley,  Khasia  Mountains,  Bengal/  magnetic 
iron  ore  is  said  to  be  worked  by  the  natives  in  the  form  of  iron 
sands  disseminated  through  coarse  reddish  sands  resulting  from 
the  decomposition  of  soft  granite  occurring  in  the  locality.  The 
sands  are  first  washed  by  running  a  stream  of  water  over  them 
and  finally  concentrated  in  troughs.  This  deposit  would  seem 
to  be  the  product  of  the  decomposition  in  situ  of  granite  con- 
taining disseminated  magnetite. 

An  occurrence  that  ought  probably  to  be  included  in  this 
class  is  that  of  gold  in  laterite.  In  one  or  two  spots  in  tlie  north- 
east of  the  Malay  Peninsula  in  the  Siamese-protected  native  state 
of  Legeh,  a  bed  of  laterite  some  6  to  8  feet  thick  has  been  sluiced 
for  gold  by  the  Chinese ;  it  is  exceedingly  poor,  apparently  con- 
taining only  a  few  grains  of  gold  per  cubic  yard.  Laterite  is 
generally  supj)osed  to  be  an  indurated  volcanic  mud,  but  it  might 
also  perhaps  in  this  region  be  the  result  of  decomposition  in  situ 
of  clay  slates  under  the  circumstances  of  high  temperature  and 
excessive  rainfall,  which  obtain  in  this  tropical  country.  The 
clay  slates  are  not  auriferous  where  fresh,  though  they  are 
traversed  in  places  by  thin  veins  of  gold  quartz.  The  laterite 
carries  the  gold  in  minute  flattened  scales,  and  the  occurrence  is 
worth  putting  on  record  as  a  rather  abnormal  one. 

StreamtoorJcs. — The  detrital  tin  ore  of  Cornwall  may  be  grouped 
under  the  following  heads : — 

a.  Tin  ore  forming  a  constituent  of  river  gravels  and  sea- 
beaches  actually  in  progress  of  formation.  The  tin  ore  of  such 
formations  usually  occurs  in  angular  or  sub-angular  particles. 

h.  That  found  in  ancient  stanniferous  valley-gravels.  These 
occur  at  all  elevations  up  to  about  700  feet,  but  are  invariably  in 
the  immediate  neighbourhood  of  considerably  higher  ground. 
Deposits  belonging  to  this  class  were  formerly  very  extensively 
worked,  and  have,  in  the  aggregate,  yielded  large  quantities  of 
tin  ore. 

c.  Pebbles  and  grains  found  in  the  "  head  "  or  angular  dSbris 
^  Dr.  Hooker  quoted  by  Dr.  J.  Percy,  Iron  and  SteeJ.  p.  262. 
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constituting  the  overburden  of  the  china-clay  districts.  This 
differs  from  the  older  quartz  gravels  of  some  parts  of  western 
Cornwall  in  being  both  coarser  and  more  angular.  Tin  ore  is  also 
found  disseminated  through  the  soil  in  the  vicinity  of  tin  veins. 

d.  The  pebbles  and  grains  of  tin  ore  found  in  the  most  ancient 
high-lying  quartz  gravels,  such  as  those  of  St,  Agnes  Beacon. 

Tin  streaming,  although  upon  a  very  restricted  scale,  was  till 
lately  carried  on  in  Cornwall  on  some  inconsiderable  stanniferous 
deposits;  but  the  deeper  and  more  extensive  valley-gravels,  which 
were  formerly  so  productive,  may  be  regarded  as  having  long  been 
practically  exhausted. 

The  sections  laid  open  by  the  deeper  Streamworks  were  by  no 
means  of  uniform  interest,  but  those  exposed  in  Par  Yalley,  at 
Pentewan,  and  near  the  estuary  of  the  Fal,  may  be  regarded  as 
among  the  most  important  and  instructive. 

The  Happy  Union  Streamwork,  which  has  now  been  closed 
for  more  than  fifty  years,  was  situated  near  the  cUhouchement  of 
the  St.  Austell  valley  at  the  jDort  of  Pentewan.  Through  this 
valley  flows  a  stream  of  moderate  dimensions  resulting  from  the 
union  of  various  rivulets  which  take  their  rise  on  the  southern 
slope  of  the  granitic  hills  of  Hensbarrow.  These  unite  their 
waters  a  short  distance  above  the  town  of  St.  Austell,  and  two 
miles  further  down  the  valley  receive,  through  a  westerly  de- 
pression, those  collected  on  the  high  grounds  in  the  vicinity  of 
the  ancient  tin  mine  of  Polgooth. 

The  fall  of  this  valley,  in  the  four  miles  which  intervene  between 
the  bridge  at  St.  Austell  and  the  port  of  Pentewan,  is  115  feet, 
Avhile  its  width  varies  from  100  to  200  yards. 

The  junction  of  granite  with  clay  slate  takes  place  a  short 
distance  above  St.  Austell,  and  consequently  the  bed-rock  of  the 
valley,  throughout  the  last  four  miles  of  its  course,  consists  entirely 
of  slate. 

According  to  Mr.  J.  W.  Colenso,  the  Happy  Union  Streamwork, 
which  may  be  taken  as  a  typical  example  of  deposits  of  this  class, 
exhibited  the  following  section  :  ^ — 

1.  Piver  sand,  silt,  &c.,  20  feet. 

2.  Sea  sand,  20  feet. 

3.  Silt,  2  feet. 

4.  Sea  sand,  4  inches. 

5.  Silt,  10  feet. 

'   Trans.  Roy.  Geol.  Soc.  Conncalf,  iv.  1832,  p.  29. 
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6.  Leaves,  nuts,  acorns/  &c.,  graduating  into  G  to  12  inches 

of  silt,  and  12  inches  of  decomposed  vegetable  matter. 

7.  Tin  ground,  3  to  10  feet, 

8.  Bed-rock  of  clay  slate. 

These  various  deposits  were  made  up  of  the  following  con- 
stituents:— 

1. — A  bed  of  rough  river  sand  and  gTavel  mixed  with  sea  sand 
and  silt.  At  the  bottom  of  this,  and  extending  into  the  bed 
immediately  beneath  it,  was  found  a  row  of  wooden  piles  six  feet 
in  length,  sharpened  at  one  end  for  the  convenience  of  driving. 
These,  which  had  apparently  formed  part  of  a  foot-bridge,  crossed 
the  valley  nearly  at  right  angles ;  their  tops  being  about  level  with 
the  present  low-water  mark  at  spring  tides. 

2. — A  stratum  of  sea  sand,  also  about  20  feet  in  thickness, 
resting  upon  silt.  Throughout  this  sand  were  scattered  large 
timber  trees,  principally  oak,  strewn  in  all  directions,  together  with 
bones  of  the  Irish  elk,  Megaceros  liihcrnicus,  and  of  an  ox.  Bos 
primigenius,  both  belonging  to  extinct  species.  The  bones  of  a 
large  whale  and  two  human  crania  were  likewise  discovered  in 
this  sand. 

8. — Beneath  the  sea  sand  were  2  feet  of  silt  enclosing  a  few 
stones,  and,  occasionally,  bones  with  fragments  of  wood. 

4. — A  stratum  of  sea  sand  only,  4  inches  in  thickness,  dis- 
tinguishable from  river  sand  by  being  finer  and  by  containing 
fragments  of  marine  shells. 

.5. — Beneath  this  was  a  layer  of  silt  or  "sludge,"  10  feet  in 
thickness,  varying  but  little  in  texture,  although  its  colour  was  in 
some  places  darker  than  in  others.  In  this  were  numerous 
marine  shells,  particularly  those  of  Cardium  edule,  together  with 
bones  and  horns  of  the  deer  and  ox.  The  bivalve  shells  frequently 
occurred  in  regular  layers,  and  when  found  were  closed  with  their 
articulations  downwards,  thus  justifying  the  opinion  that  the  animals 
had  lived  and  died  where  their  shells  were  discovered.  In  this  silt 
was  a  jDiece  of  wood  evidently  fashioned  by  human  agency,  which 
had  probably  floated  in  the  sea,  siiice  the  shell  of  a  barnacle  was 
attached  to  one  end. 

6. — A  laj'Cr  of  leaves,  hazel  nuts,  acorns,  sticks  and  moss, 
varying  from  6  to  12  inches  in  thickness.  The  moss,  which  was 
in  a  very  perfect  state  of  preservation,  extended  across  the  valley, 
and  had  the  appearance  of  having  grown  where  it  was  found,  at 

^  Although  Mr.  Colenso  does  not  mention  acorns  in  his  memoir,  they  were 
often  found  in  this  layer. 
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a  depth  of  about  fifty  feet  below  the  present  level  of  the  sea 
at  high  water.  Beneath  this  was  a  stratum  of  dark  silt  12  inches 
thick,  much  mixed  with  decomposed  vegetable  matter. 

7. — To  this  followed  the  tin  ground,  or  stratum  in  which  the 
whole  of  the  tin  ore  was  found.  This  lay  on  a  solid  rock,  varied 
in  thickness  from  3  to  10  feet,  and  usually  extended  completely 
across  the  valley.  The  stony  constituents  of  this  stratum  were 
rounded  fragments  of  the  granitic  and  schorlaceous  rocks  forming 
the  hills  north  of  St.  Austell,  but  frasfments  of  both  "  greenstone  " 
and  clay  slate  were  occasionally  met  with. 

By  far  the  larger  portion  of  the  tin  ore  lay  at  the  bottom  of 
this  stratum  ;  but  it  was  also  sometimes  found  in  the  higher 
portions  of  the  bed,  where,  for  a  thickness  of  a  few  inches,  the 
ground  was  blackened  by  the  presence  of  tin  oxide.  The  frag- 
ments of  ore  varied  in  size  from  the  finest  sand  to  pebbles  of  ten 
pounds  in  weight,  while  boulders,  richly  impregnated  with  cassite- 
rite  and  weighing  above  two  hundred  pounds,  were  not  of  un- 
frequent  occurrence.  A  few  grains  and  small  nuggets  of  gold 
were  picked  up  from  among  the  tin  ore,  but  the  remains  of  no 
vertebrate  animals  were  ever  observed  in  this  horizon.  Stumps 
and  roots  of  trees  which  had  evidently  grown  and  fallen  upon  the 
same  spot  were,  however,  not  uncommon,  while  immediately  on  the 
top  of  the  tin  ground  an  oyster  bed  was  discovered  with  the  shells 
still  firmly  attached  to  the  larger  stones  and  to  stumps  of  trees. 

8. — The  floor  or  bed-rock  upon  which  these  deposits  rested  is 
a  blue  "  killas  "  or  clay  slate  of  the  kind  composing  the  adjoining 
hills  and  neighbouring  sea-cliffs.  In  many  places  this  rock 
showed  indications  of  erosion,  while  in  others  no  evidence  of  any 
kind  of  abrasion  could  be  detected. 

The  bottom  of  the  tin  ground  at  Pentewan  was  about  sixty 
feet  below  the  present  level  of  high  water,  and  there  can  be  no 
doubt  that  the  stanniferous  gravels  were  deposited  prior  to  the 
growth  of  the  woody  stratum  above  them.  Similar  phenomena 
have  been  observed  in  the  Par  Valley,  at  Carnon,  in  the  Fal 
estuary,  and  in  various  other  localities.  This  indicates  a  general 
subsidence  of  the  land,  and  the  existence  at  a  former  period  of  a 
more  extended  coast-line.  On  the  other  hand  a  connection  has 
been  traced  by  Mr.  Carne  between  a  forest  bed  covering  tin 
ground  in  the  Marazion  Marsh,  and  the  submerged  forest  in 
Mount's  Bay ;  which  further  points  to  a  geileral  correlation 
between  the  forest  beds  over  the  tin  ground,  and  the  well-known 
submerged  forests  around  the  south-western  coast  of  Cornwall. 
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At  Huel  Viro'in,  a  mile  higlier  up  the  valley  than  the  Happy 
Union  Streamwork,  the  overburden  contained  no  sea  sand,  but  was 
composed  of  silt  and  gravel  only  ;  the  tin  ground  being  found  at 
a  depth  of  thirty-two  feet  below  the  surface.  Here,  resting  on 
the  tin-o-round,  were  found  two  pieces  of  oak  artificially  pierced 
with  holes,  as  were  also  several  oak  stakes  sharpened  and  driven 
into  the  oround.  This  Streamwork  was  worked  in  the  usual  way 
by  an  open  terraced  cutting,  while  the  water  flowed  through  a 
culvert  to  suitable  pumping  machinery. 

It  is  a  remarkable  fact,  that  whenever  this  excavation  was 
allowed  to  remain  open  sufficiently  long,  certain  plants  invariably 
made  their  appearance  along  given  horizons,  to  the  almost  total 
exclusion  of  all  other  species.  In  this  way  the  first  warm  weather 
after  the  ca-ound  was  opened,  brought  with  it  from  a  band  of  bluish 
silt  about  10  feet  from  the  surface,  an  abundant  crop  of 
fox<y\o\e,  Digitalis  imrimrea ;  while  in  a  band  of  clay  about  15 
feet  above  the  tin  ground,  a  dark  rough-leaved  willow,  not  common 
elsewhere  in  the  district,  grew  most  abundantly. 

The  cassiterite  of  Cornish  streaiuworks  is  in  the  form  of  more  or 
less  rounded  massive  fragments,  as  water- worn  crystals,  and  as  wood- 
tin.  With  but  few  exceptions  all  the  larger  fragments  bear  evidence 
of  attrition,  and  there  can  be  no  doubt  that,  as  a  whole,  the  tin 
ore  has  been  brought  together  by  the  mechanical  action  of  water. 

There  are,  however,  in  the  British  Museum,  as  well  as  in  the 
Museum  of  the  Royal  Geological  Society  of  Cornwall,  fragments  of 
antlers  containing  tin  oxide,  which  appears  to  be  pseudomorphons 
after  the  organic  tissues.  Many  of  these  fragments  are  stated  to 
have  been  found  in  the  Streamworks  of  the  Pentewan  and  Carnon 
valleys.  Some  of  the  specimens  preserved  in  the  British  Museum 
appear  to  contain  a  large  quantity  of  tin,  as  in  many  parts  the  original 
structure  seems  to  be  almost  entirely  reproduced  as  cassiterite. 

A  specimen  from  the  Penzance  Museum,  analysed  by  Mr.  J. 
H.  Collins,  gave  the  following  results  : — 

Calcium  phosphate 80*04 

,,         carbonate 2*  24 

„         fluoride '50 

Iron  disulphide 1  "66 

Ferric  oxide '62 

Stannic  oxide 2"60 

Silica -22 

Organic  matter  and  loss 12"! 2 
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A  microscopical  examination  of  this  antler  showed  that  the 
oxides  of  tin  and  iron,  as  "vvell  as  the  pyrites,  had  penetrated  to 
the  interior  of  the  mass,  and  were  visible  throughout  its  structure, 
although  they  are  somewhat  more  abundant  on  the  outside  than 
towards  the  middle.^ 

It  may  be  remarked  that  what  is  now  called  stream-working 
in  Cornwall,  does  not  refer  to  the  working  of  alluvial  tin  as  here 
described,  but  to  the  working  of  the  stanniferous  tailings  that  are 
allowed  to  run  to  waste  from  the  stamp  mills  that  are  crushing 
the  tin-bearing  veins,  the  amount  of  tin  thus  annually  wasted  by 
the  mills  and  recovered  by  the  streamers  being  very  considerable ; 
its  value  amounted  in  189-1  to  about  £29,075,  being  just  about 
6  per  cent,  of  that  of  all  the  tin  raised  in  Cornwall.  The 
Streamworks  proper  of  Cornwall  have  long  been  exhausted,  as 
also  have  those  of  Saxony  :  stream  tin  is  however  being  actively 
mined  in  Australia  and  more  especially  ia  Malaysia  (the  Malay 
Peninsula  and  Archipelago),  while  Burmah,  Siam,  and  China,  are 
known  to  produce  large  quantities  of  stream  tin.  In  Australia, 
stream  tin  is  produced  chiefly  in  the  Colonies  of  Victoria,  Queens- 
land, Xew  South  Wales  and  in  Tasmania.  Over  one-third  of  the 
tin-production  of  these  Colonies  is  due  to  alluvial  tin,  which  is 
worked  not  only  in  superficial  deposits,  but  in  some  places  in  deep 
beds  overlaid  by  basalt. 

The  alluvial  tin  fields  of  IMalaysia  are  of  enormous  importance 
as  tin  producers,  yielding  now  about  three-fourths  of  the  world's 
entire  output.  They  seem  to  extend  from  Burmah  and  Siam  in 
about  11°  N.  lat.  to  Banca  and  Billiton  in  about  4°  S.  lat.,  the 
whole  of  this  immense  stretch  presenting  very  similar  geological 
phenomena.  The  tin-bearing  gravels  are  in  every  case  deposited 
in  the  beds  of  the  very  numerous  valleys  by  which  all  this  region 
is  intersected,  the  bed-rock  being  generally  a  soft  white  kaolin 
(the  result  of  the  decomposition  of  granite  in  situ),  limestone,  or 
more  rarely  shales  and  sandstone.  The  exact  origin  of  the  tin 
stone  has  not  yet  been  positively  determined,-  it  being  ascribed 
by  diiferent  writers  to  disseminated  tin  stone  at  the  junction  of 
the  granite  and  the  clay  slates,  to  veins  of  tin  stone  and  to  ore  dis- 
seminated in  their  accompanying  country  rock,  and  to  the  exist- 
ence of  certain  tin-bearing  granitic  zones  together  with  minute 
veinlets  of  tin-bearing  quartz  disseminated  through  these  zones, 
strictly   comparable    with    the   tin    stock-works    of   Saxony    and 

^  Minercdogical  Magazine,  iv.  1882,  p.  115. 

2  H.  Louis,  "  Straits  Tin,"  Western  Daily  Mercury,  February  28,  1895. 
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Bohemia.  This  last  view  has  received  considerable  support  from 
the  recent  discovery  in  some  deep  workings  at  Kuchai  in  Selangor^ 
of  narrow  veins  of  tin  oxide  traversing  a  formation  consisting  of 
quartz  with  a  little  felspar,  capped  with  kaolin,  produced  by  its 
decomposition  in  situ,  and  containing  mucb  disseminated  tin 
oxide.  It  is  possible  that  the  stanniferous  portion  of  the  granite 
formed  a  shell  on  the  unaltered  central  portion,  the  tin  being 
developed  at  the  junction  of  the  granite  with  the  stratified  rocks 
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on  its  flanks,  as  is  the  case  also  in  the  Erzgebirge  ;  see  p.  172. 
The  sections  in  Fig.  8  show  the  general  character  of  the 
deposits  in  the  Malay  Peninsula.  The  stanniferous  gravel  varies 
in  thickness  from  1  foot  to  15  feet,  usually  more  or  less  in  pro- 
portion to  the  depth  of  the  overburden,  which  varies  between  5 
and  80  feet.  An  exceptional  occurrence  is  that  at  Sorakai,  Kinta, 
in  Perak,  where  the  tin  gravel  was  reached  after  sinking  through 
20  feet  of  overburden,  and  was  then  worked  for  a  thickness  of 
hO  feet,  when  the  water  became  so  heavy  that  the  Chinese  miners 


^  Reports  on  the  Protected  Malay  States/or  1894,  13.  35. 
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had  to  abandon  further  work  without  reaching  bed   rock.     The 
projDortiou    of  overburden    to    tin    gravel   in    the    Malay    Penin- 
sula  seems    to    average  about    4   to  1,   and  6  to  1    is  probably 
about  the  limit  below  which  the  Chinese   do  not  care  to  work. 
According  to  C.  M.  Rolker  ^   the  proportion  in  Sumatra  is  about 
10  to  1,  practically  the  same  as  it  is  in  Banca.     In  the  Malay 
Peninsula  the  richness  of  the  tin  gravels  is  from  5  lbs.  to  nearly 
40  lbs.  per  cubic  yard.    The  former  figui-e  was  obtained  from  some 
very  careful  measurements  by  the  writer-  in  ground  considered  very 
poor  by  the  Chinese,  the  latter  is  an  average  estimate  from  several 
authorities.    According  to  Rolker  the  yield  in  Sumatra  was  0"12  per 
■cent,  or  say  about  3'6  lbs.  per  cubic  yard,  whilst  in  Banca  it  seems 
to  be  from  40  to  60  lbs.  of  black  tin  according  to  Van  Diest  (quoted 
by  Rolker,  loc.  cit.).    Of  course  very  much  richer  patches  are  some- 
times met  with,  especially  when  the  bed  rock  is  limestone,  and 
when  the  tin  sands  have  been  concentrated  and  have  accumulated 
in  pot-holes  ;  in  these  cases  the  sands  have  been  known  to  yield  as 
high  as  20  per  cent,  of  black  tin.     The  tinstone  seems  in  every 
case  to  be  very  pure,  assaying  generally  from  70  to  75  per  cent,  of 
metallic  tin  ;  it  is  often  pale  brown  or  even  white,  but  generally 
black.     It  is  found  in  pieces  of  all  sizes  varying  from  fine  sand  to 
boulders    weighing    exceptionally    10  cwt.       The    accompanying 
minerals  in   the   stanniferous  gravels  are  mostly  magnetite  and 
ilmenite,  derived  no  doubt  from  the  granites  whose  weathering 
liberated  the  oxide  of  tin,  and  thus  formed  these  clastic  deposits. 

Geoup  b.  Precipitations  from  Aqueous  Solutions. — These 
would  seem  to  be  found  in  formations  of  all  ages  from  the  oldest 
to  the  most  recent,  some  such  deposits  being  still  in  process  of 
formation.  It  appears  however  that  most  of  the  older  deposits 
are  older  than  Mesozoic  times,  whilst  the  modern  ones  are  mostly 
quite  superficial.  It  may  therefore  be  convenient  to  consider 
them  apart,  the  processes  that  we  see  going  on  before  our  eyes 
giving  us  valuable  clues  as  to  how  the  older  beds  may  have  been 
deposited.  It  is  not  however  always  easy  to  distinguish  a  deposit 
thus  directly  precipitated  from  one  that  has  been  formed  by 
metasomatism  or  segregation,  the  characteristic  of  permanence 
over  a  large  area  that  marks  the  class  now  being  considered  being 
of  great  importance  in  this  connection.  Deposits  of  this  group 
<are  practically  confined  to  ores  of  iron  and  manganese. 

1  "The  Alluvial  Tin  Deposits  of  Siak,  Sumatra,''  Trans.  Amtr.  Inst.  Min. 
Eii'j.,  XX.  1891. 

-  H.  Louis,  "  Straits  Tin,"  loc.  cit. 
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Recent  Deposits. — The  most  important  surface  deposits  be- 
longing to  this  class  are  those  of  bog  and  lake  iron  ores.  These, 
which  often  contain  oxide  of  manganese,  although  generally  some- 
what impure,  are  essentially  hydrated  peroxide  of  iron  (H^Fe^Og), 
containing  when  pure  14'42  per  cent,  of  water.  Phosphoric  acid 
is,  however,  frequently  present  in  sufficient  quantity  to  affect 
their  value  as  a  source  of  iron. 

This  mineral  is  sometimes  hard  and  compact ;  while  at  others 
it  is  friable  and  granular,  occasionally  enclosing  the  petrified  forms 
of  vegetable  organisms.  Concretionary  nodules,  as  well  as  oolitic 
and  pisolitic  forms  of  this  ore,  are  of  frequent  occurrence.  In  all 
cases  it  is  the  result  of  the  alteration  of  other  mineral  substances 
containing  iron  when  acted  upon  by  air,  moisture,  or  acids,  and  is, 
to  a  large  extent,  due  to  the  oxidation  of  pyrites,  and  to  the  action 
of  carbonic  acid  upon  siderite,  &c.  The  decomposition  of  ferri- 
ferous rocks  and  various  ferriferous  minerals,  such  as  mica,  augite 
and  hornblende,  also  contributes  largely  to  the  formation  of  ores 
of  this  class.  All  these  sources  are  capable  of  yielding  up  iron  to 
surface  waters.  Organic  acids  such  as  are  produced  by  the  de- 
composition of  vegetable  matter  are  powerful  solvents  of  iron. 

Attention  was  first  called  by  Kindler  to  the  importance  of  the 
effects  produced  by  decaying  vegetable  matter  on  the  solubility  of 
ferric  hydrates.^  He  observed  that  where  pine  trees  had  been 
planted  upon  sand-hills  in  such  a  position  that  falls  of  sand  were 
occasioned  by  the  action  of  running  water,  the  ferruginous  and 
quartzose  sand  was  rendered  colourless  around  decaying  roots,  and 
that  it  became  in  the  course  of  a  few  months  as  white  as  if  it  had 
been  treated  by  an  acid.  The  action  of  a  root  one-sixth  of  an 
inch  in  diameter  whitens  the  sand  to  a  distance  of  from  one  to  two 
inches  around  it. 

Carbonic  acid  dissolved  in  meteoric  waters  will  readily  dissolve 
iron  as  a  bicarbonate  when  it  exists  as  a  carbonate,  either  pure  or 
as  an  ingredient  in  ferriferous  dolomites  and  limestones.  In  the 
presence  of  organic  matter  limonite  can  be  reduced  to  the  state  of 
protoxide,  carbonate  of  iron  being  thus  produced  and  dissolved. 
The  oxidation  of  pyrites  produces  soluble  suljihates,  both  ferrous 
and  ferric.  All  of  the  above  chemical  reactions  are  probably 
operative  in  producing  actual  solutions  of  iron  in  siirface  waters, 
whilst  the  frequent  occurrence  of  chalybeate  springs  proves  that 
similar  reactions  take  place  in  deeper  seated  regions  of  the  earth's 
crust.  When  such  waters  are  exposed  in  flat  sheets,  such  as  ponds,, 
1  Pogyendorfs  Anncden  der  Physik  nml  Chemie,  xxxvii.  1836,  p.  203. 
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to  the  action  of  the  air,  carbonic  acid  is  evolved  and  the  iron  is 
deposited,  either  as  carbonate  when  the  reducing  action  of  decay- 
ing vegetation  j)rotects  the  iron  from  the  oxidising  influence  of 
the  atmosphere,  or  as  hydrated  peroxide  when  this  latter  action  is 
operative.  All  the  above  reactions  having  been  imitated  in  the 
laboratory,  their  occurrence  under  laboratory  conditions  may  be 
taken  as  established,  and  it  is  more  than  probable  that  they  also 
take  place  in  nature. 

Although  not  at  present  much  worked  in  Great  Britain,  these 
ores  probably  supplied  to  some  extent  the  earlier  forges  established 
in  the  Weald  of  Kent  and  Sussex,  which,  during  several  centuries, 
furnished  a  very  considerable  proportion  of  the  iron  manufactured 
in  England.  The  ore  chiefly  employed  was,  however,  a  clay  iron 
stone  obtained  in  the  immediate  neighbourhood.  Bog  and  lake 
iron  ores  occur  plentifully  in  various  parts  of  Europe,  par- 
ticularly in  North  Germany,  Sweden,  Norway,  and  Finland,  and 
are  largely  employed  in  the  manufacture  of  iron.  Bog  iron  ore  is 
abundant  in  the  United  States  and  Canada,  and  in  the  latter 
country  it  is  somewhat  extensively  employed. 

One  of  the  principal  occurrences  in  Canada  is  in  the  Three 
Rivers  District,  Province  of  Quebec,^  where  bog  iron  ore  seems  to 
have  been  smelted  as  early  as  1730  or  thereabouts.  The  northern 
limit  of  the  extensive  area  within  which  these  ores  occur,  is  the 
Laurentide  range  of  mountains,  which  appear  to  be  rich  in  iron 
ores  in  Archaean  rock  formations,  Beds  of  hard  bog  ore  are  found 
on  the  hillsides  above  the  numerous  swamps  and  marshes  of  this 
•district,  whilst  in  the  swamps  the  ore  appears  to  be  in  a  softer 
state,  though  it  rapidly  hardens  when  its  water  is  drained  from 
it  and  it  is  exposed  to  the  air.  In  the  swamps  the  ore  is  found  as 
a  rule  12  to  18  inches  below  the  surface,  but  good  ore  has  been 
got  as  deep  down  as  8  feet,  and  there  are  strong  indications  of 
good  ore  beds  in  excavations  15  feet  deep.  In  the  valley  of  the 
St,  Lawrence  in  the  region  about  Three  Rivers,  the  surface  con- 
sists nearly  everywhere  of  sand  underlain  by  a  stiff  blue  clay, 
which  clay  has  in  many  places  formed  extensive  swamps.  These 
support  a  dense  vegetation,  by  the  decay  of  which  as  already  ex- 
plained iron  is  dissolved  out  from  the  Archaean  rocks  which  contain 
disseminated  magnetite  and  ilmenite.  The  solutions  of  iron  thus 
formed  percolate  through  the  adjacent  sands  where  they  come  into 
contact  with  atmospheric  oxygen  in  the  porous  soil,  the  iron 
being  precipitated  in  concretions  about  the  particles  of  sand  ; 
1  Trans.  Amer.  Inst.  Min.  Eng.,  xxi.  1892,  p.  974. 
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patches  of  ore  from  3  to  30  inches  thick  and  from  a  few  square 
feet  to  several  acres  in  extent  are  thus  formed.  A  small  lake, 
Lac  a  la  Tortue,  about  3  miles  long  by  1  broad  in  this  district,  has 
yielded  large  quantities  of  ore,  formed  in  a  similar  manner.  It 
is  fed  by  a  number  of  small  streams  flowing  in  from  the  surround- 
ing swamp,  all  of  which  are  highly  charged  with  iron,  so  much  so 
that  the  lake  has  a  chalybeate  taste.  This  solution  becomes  oxi- 
dised at  the  surface  of  the  lake  and  concretions  of  ore  gradually 
form  and  sink  to  the  lake  bottom,  where  they  are  found  as  flat 
porous  masses,  the  largest  being  some  8  inches  in  diameter.  It  is 
noteworthy  that  the  ore  forms  with  considerable  rapidity,  it  having 
been  found  that  paying  quantities  can  be  obtained  from  areas 
completely  exhausted  some  eight  or  ten  years  ago. 

The  following  analyses  show  the  average  composition  of  I.  the 
bog-ore  and  II.  the  lake-ore  : — 
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At  Meadow  Vale,  Nova  Scotia,  large  nodular  masses  of  bog 
iron  ore  occur  about  a  foot  below  the  surface  of  the  ground  in 
swampy  land  ;  the  iron  has  evidently  been  derived  from  the  ex- 
tensive neighbouring  deposits  of  iron  ore ;  on  account  of  the 
presence  of  this  higher  grade  ore  in  considerable  quantities,  the 
impure  bog-ore  has  not  been  worked,  although  it  carries  about 
47  per  cent,  of  metallic  iron.  A  similar  occurrence  in  layers 
6  inches  to  2  feet  thick  is  known  at  Bloomfield,  this  ore  yielding 
25  per  cent,  of  metal.  Other  similar  deposits  occur  in  Pictou 
County  and  at  Fox  Brook,  Cape  Breton.^  Bog-ore  is  thus  widely 
distributed  in  this  province,  but  it  is  important  to  note  that  every 
one  of  these  occurrences  is  to  be  found  in  the  immediate  neigh- 
bourhood of  important  deposits  of  iron  ore  in  the  older  rocks. 

Large  quantities  of  lake  iron   ores  are  annually  obtained  in 

1  Edwin  Gilpin,  Report  on  the  Mines  and  Mineral  Lands  of  Nova  Scotia,  1880> 
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Finland  and  Sweden  by  dredging  from  the  bottoms  of  the  lakes 
so  numerous  in  those  countries.  The  ores  may  occur  either  on  the 
spot  in  which  they  have  been  precipitated,  or  they  may,  on  the 
contrary,  be  carried  by  the  force  of  running  water  into  lakes  or 
ponds  at  some  distance.  They  are,  however,  usually  found  in 
the  neighbourhood  of  rush-banks,  and  on  the  slopes  and  shallows 
of  some  of  the  larger  and  deeper  lakes,  in  patches  varying  greatly 
in  extent  and  thickness.  The  work  of  collecting  these  ores  is 
limited  to  the  winter  months,  when,  the  lakes  being  frozen  over, 
they  are  obtained  by  breaking  holes  in  the  ice  and  scooping  them 
up  by  means  of  perforated  shovels.  Ores  of  this  class  are  being 
continually  reproduced,  and  lakes  in  which  they  had  become  com- 
pletely exhausted  b}^  dredging,  have,  after  the  lapse  of  a  quarter 
of  a  century,  been  again  found  to  contain  beds  several  inches  in 
thickness,  which  must  necessarily  have  been  deposited  during  that 
period. 

The  occurrences  of  bog-ore  and  lake-ore  in  Sweden  and  Fin- 
land  are  almost  identical  with  those  at  Three  Rivers.  The  lake- 
ore  is  the  more  important  form  ;  in  Sweden  it  is  found  chiefly  in 
the  province  of  Smaland,  and  receives  various  names  according  to 
the  size  of  the  concretions  of  which  it  consists,^  the  following 
being  its  average  composition  : 
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The  ores  of  Finland  are  very  similar  in  character  and  composition. 

It  Avas  first  suggested  by  Ehrenberg  (1836)  that  these  ores 
are  produced  by  certain  infusoria,  which  build  cells  mainly  com- 
posed of  hydrated  oxide  of  iron.  The  Gaillonella  ferruginea  is  said 
especially  to  be  an  industrious  manufacturer  of  iron  ore  by  secre- 
tion from  dilute  iron  solutions. 

A  deposit  of  bog  iron  ore  now  in  process  of  formation,  and 
which  most  admirably  exhibits  the  genesis  of  this  class  of  deposit 
occurs  in  Park  County,  Colorado.  It  has  been  described  as  follows 
by  Professor  Regis  Chauvenet:^  "The   South  Platte  river  has  a 

^  J.  Percy,  Iron  and  Steel,  p.  324. 

-  Trans.  Amer.  Iwit.  Min.  Eng.,  xviii.  1889,  p.  268. 


40  ORE    DEPOSITS  part   i 

number   of  forks,   and  it  is   on  the  north  fork,  or  the  streamlets 
Avhich  unite  to  form  it,  that  the  beds  in  question  are  now  forming. 
In  two  little  valleys,  known  as  Hall's  Valley  and  Handcart  Gulch, 
we  find  an  abundant  supply  of  bog-ore,  its  character  being  '  mixed,' 
however,  in  the  present  stage  of  formation.    The  bed  in  Handcart  is 
the  more  typical  of  the  two.    We  find,  as  we  ascend  the  gulch,  that 
the  stream  is  so  strongly  ferruginous,   from  the   ferrous  sulphate 
dissolved  in  it,  that  its  inky  taste  is  quite  disagreeable.     As  we 
trace  it  to  its  head-waters,  which  are  close  to  the  main  divide   of 
the  continent,  we  see  the  rocks  above  blazing  in  red  and  yellow 
from  the    oxidation    of   the    chalybeate    water,    which    percolates 
through  them  charged  with  the  sulphate,  the  result  of  the  solution 
of  pyrites,  great  beds  of  which  are  known  to  exist  in   the  region. 
Descending  into  the  lower  part  of  its  narrow  valley,  the  stream 
j'uns  into  what  is  almost  a  marsh,  with  dense  vegetation,  and  here 
it  deposits  iron  so  completely,  forming   the  still  growing  beds  of 
limonite,   that   iron  can  with  difficulty  be  distinguished  by  the 
chemist  in  the  issuing  water.     Every  stage   of  the  ore-formation 
can  be  traced,  or,  one  might  say,  seen.     Tufts  of  bog  vegetation 
can  be   pulled  up  from   a  mush  of  half- formed  oxide,  the  roots 
crusted   with  incipient  ore,  while  from   the  more  solid  portions, 
nearer  the  present  bed   of  the  creek,  true  ore  can  be  found  in 
considerable  quantities.     Some  of  this  has  been  analysed  by  the 
writer  with  the  following  result : 

SiOg 7-13 

Fe-^Og 67  oo 

P2O5 1-82 

CaO 1-22 

HgO  and  organic  matter 22 '37 

Total 100-09 

Here,  then,  is  a  bed  of  ore  in  actual  process  of  construction.  It 
would  be  possible  to-day  to  extract  from  it  much  ore  fit  for  smelt- 
ing, and  it  can  hardly  be  doubted  that  in  a  future  age  it  will 
present  all  the  features  of  a  true  solid  limonite  deposit." 

A  remarkable  bed  of  compact  and  exceptionally  pure  iron  ore 
of  this  class  forms  the  capping  of  a  hill  at  Rio  Tinto  in  the 
province  of  Huelva,  Spain,  in  close  proximity  to  the  celebrated 
copper  mines  of  that  name.  In  Southern  Spain  deposits  of  cupri- 
ferous iron  pyrites,  having  a  general  direction  somewhat  north  of 
west  and  south  of  east,  extend  from  near  Seville  to  within  the 
Portuguese  frontier.  At  Rio  Tinto  the  deposits  of  this  mineral  are 
very  extensive,  and  consist  of  a  compact  and  intimate  admixture 
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of  iron  pyrites  with  a  little  copper  pyrites,  through  which  strings 
of  the  latter  mineral  sometimes  ramify. 

Although  these  mines  have  been  worked,  and  the  copper 
smelted,  from  time  immemorial,  it  is  evident  from  coins  which 
have  been  discovered,  that  their  great  development  under  the 
Romans  took  place  during  the  first  four  centuries  of  the  Christian 
era.  The  prevailing  rocks  throughout  the  region  are  clay  slates, 
which,  from  the  evidence  of  various  fossils,  are  apparently  of 
Silurian,  Devonian,  and  Carboniferous  age.  These  slates  are 
broken  through  by  dykes  of  quartz-porphyry,  which  frequently 
form  one  of  the  walls  of  the  deposits  of  cupriferous  pyrites. 

Fossiliferous  iron  ore  forms  a  cap  three-fifths  of  a  mile  long, 
with  an  average  width  of  140  yards,  on  the  top  of  the  Mesa  de 
los  Pinos,  984  yards  south  of  the  great  open  cutting  at  Rio  Tinto. 
Its  surface  is  approximately  level,  but  its  depth  varies  from  one 
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Fig.  9. — Transverse  Section  ;  Rio  Tinto. 


to  seventeen  yards  in  accordance  with  the  conformation  of  the 
surface  of  the  rock  upon  which  it  lies.  The  slate  beneath  it  is 
bleached  and  to  some  extent  decomposed. 

The  relative  positions  of  the  several  formations  will  be  under- 
stood on  referring  to  Fig.  9. 

On  the  extreme  right  is  a  broad  hard  porphyritic  dyke  forming 
the  north  wall  of  the  south  lode,  next  to  which  is  the  great  mass 
of  pyrites,  which  at  this  point  has  only  one-third  of  its  greatest 
width.  Next  in  succession,  to  the  south,  comes  a  band  of  slate 
which  is  again  penetrated,  on  the  left,  by  a  broad  dyke  of  quartz- 
porphyry,  now  much  decomposed.  The  upper  part  of  the  pyrites 
deposit  has,  to  a  considerable  depth,  been  converted  into  a  ferru- 
ginous capping,  of  which  a  large  portion  has  been  removed  by 
denudation.  The  stratum  of  iron  ore  forming  the  surface  of  the 
Mesa  de  los  Pinos  has  precipitous  sides;  and  a  small  outlying 
patch  of  a  similar  formation  occurs,  within  a  metre  of  the  same 
elevation,  at  the  Cerro  de  las  Vacas.     Numerous  fissures  occur  in 
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the  surface  of  the  larger  deposit  of  iron  ore,  and,  out  of  these, 
pine  trees  forraerly  grew,  their  presence  giving  the  name  to  the 
locality. 

An  exceptionally  pure  specimen  of  this  iron  ore  afforded  on 
analysis  the  following  results  : — 

Water        13-25 

Silica         1-53 

Ferric  oxide 84'65 

Alumina trace 

Phosphoric  anhydride "14 

Sulphur -23 

99-80 

During  the  process  of  quarrying  this  ore,  the  presence  wa» 
observed  of  the  fossil  remains  of  the  leaves  and  seeds  of  plants, 
belonging  to  species  still  growing  in  the  neighbourhood,  as  well  as- 
of  several  well-preserved  beetles. 

Any  doubt  as  regards  the  recent  character  of  these  fossils  has 
been  removed  by  Mr.  W.  Carruthers,  who  found  the  specimens 
from  Rio  Tinto  to  contain  fragments  of  the  following  plants,, 
which  he  was  enabled  to  identify  : — Leaves  and  acorns  of  Quercus 
ilex,  Linn. ;  leaves  and  seeds  of  a  two-leaved  species  of  Pinus,. 
most  probably  Finns  ])inea,  Linn*. ;  the  cone  of  Equisetum  arvense, 
Linn, ;  and  a  small  branch  of  a  species  of  Erica.  The  greater 
portion  of  some  specimens  of  the  ore  represented  a  thick  growth 
of  moss,  but  it  was  impossible  to  say  of  what  species.  The  whole 
was  permeated  by  minute  branching  roots,  showing  that  the 
vegetation  was  formed  as  a  peat-moss,  the  oak  and  pine  leaves 
having  been  carried  or  blown  into  it.  The  plants  evidently  belong, 
all  of  them,  to  species  still  found  growing  in  Spain.  In  addition 
to  these  fossils,  this  deposit  occasionally  contains  minute  concre- 
tionary patches  of  imperfectly  crystallised  quartz. 

The  origin  of  this  deposit  of  iron  ore  can  scarcely  be  doubtful. 
At  the  time  of  its  formation  a  marsh  or  shallow  lake  extended 
from  beyond  the  Mesa  de  los  Pinos  to  the  foot  of  Cerro  Salomon,, 
and  into  this  flowed  solutions  of  iron  salts  resulting  from  the 
decomposition  of  the  upper  portions  of  the  immense  mass  of 
pyrites  constituting  the  south  lode.  From  these  salts  oxide  of 
iron  was  deposited,  as  in  the  case  of  bog  iron  ores  generally ;  and 
tinally  the  valley  of  the  Rio  Agrio  was  eroded,  as  well  as  that 
south-west  of  the  deposit,  leaving  the  M^sa  capped  with  iron  ore, 
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while  a  small  patch  of  the  same  mineral  was  left  at  the  Cerro  de 
las  Vaeas.  The  mode  of  formation  of  this  deposit  is  thus  quite 
similar  to  that  described  in  Park  County,  Colorado. 

That  this  deposit  took  place  at  a  comparatively  recent  date  is- 
evident  from  the  fossils  it  contains,  and  it  is  equally  certain  that 
the  erosion  of  the  valley  is  older  than  the  occupation  of  the 
district  by  the  Komans.  Not  only  are  remains  of  buildings  and 
other  works  belonging  to  the  Roman  period  found  in  the  valley, 
but  the  Roman  gravestones,  of  which  many  are  still  scattered  over 
the  district,  are  invariably  made  of  this  iron  ore. 

Deep-lying  Deposits. — These  have  no  doubt  in  many,  if  not  in 
all,  cases  been  formed  by  processes  similar  to  those  that  produced  the 
surface  deposits,  whose  mode  of  origin  we  are  in  many  cases  able 
to  trace,  but  owinof  to  their  o-reater  g-eologfical  asje,  the  former  have 
been  more  or  less  altered,  and  have  undergone  the  various  up- 
heavals, foldings,  and  faultings  which  have  affected  the  rocks 
between  which  they  lie. 

They  are  mostly  ores  of  iron  and  manganese,  and  although 
found  in  formations  of  all  ages,  their  maximum  development  is  in 
the  older  rocks.  The  Carboniferous  rocks  of  both  England  and 
America  are  especially  rich  in  interstratified  beds  of  argillaceous 
ironstone.  Argillaceous  carbonate  of  iron  was  for  a  long  time  one 
of  the  most  important  sources  of  iron  in  the  United  Kingdom,  and 
furnished  a  large  proportion  of  the  iron  annually  produced. 

Argillaceous  carbonate  of  iron  is  found  either  interspersed 
through  the  clays  and  shales  of  the  coal-measures,  or,  less 
frequently,  among  the  argillaceous  members  of  Secondary  or 
Tertiary  strata.  The  nodular  variety,  which  is  the  most  abundant, 
essentially  consists  of  carbonate  of  iron  associated  wdth  carbonates 
of  lime,  magnesia,  and  manganese  ;  it  also  invariably  contains  a 
considerable  proportion  of  clay.  In  some  instances  the  nodules  of 
ironstone  coalesce  into  beds,  but  these  are  usually  restricted  both 
in  extent  and  in  thickness.  Nodular  ironstone  is  for  the  most 
part  concretionary  in  structure,  being  formed  of  concentric  deposits, 
which  frequently  enclose  fossil  fish,  shells,  or  plants.  Ferruginous 
septaria  are  often  traversed  by  fissures  similar  to  those  produced 
by  the  shrinking  of  clay  in  drying,  and  these  are  filled,  as  in  veins, 
with  such  minerals  as  calcite  and  quartz  with,  occasionally,  pyrites, 
blende,  galena,  millerite,  or  hatchettine,  the  two  last  being  associ- 
ated together  in  the  clay  ironstone  of  Dowlais  in  Glamorganshire. 

Sphserosiderite,  when  freshly  broken,  ordinarily  presents  a 
yellowish   or  bluish-gray  fracture,  which,   owing  to  a  superficial 
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peroxidation  of  some  of  the  iron,  becomes  brown  on  exposure.  Clay 
ironstones  contain  from  about  29  to  37  per  cent,  of  iron,  and  phos- 
phoric acid  is  usually  present  in  varying  amounts. 

Blackband  is  a  clay  ironstone  containing  a  considerable  amount 
of  carbonaceous  matter,  and  is  exceedingly  valuable  from  the 
cheapness  with  which  it  can  be  calcined  without  the  addition  of 
fuel.  The  calcined  residue  from  this  ore  contains  from  50  to  nearly 
70  per  cent,  of  iron.  In  the  coal-fields  of  Western  Scotland  several 
blackband  measures  are  known,  havino-  an  ac^gregate  thickness  of 
nearly  six  feet.  In  Staffordshire  it  occurs  in  beds  of  from  four  to 
nine  feet  in  thickness,  and  it  is  also  found  in  numerous  small 
irregular  beds  in  North  Wales.  The  Rhenish  and  Westphalian 
coal-fields  likewise  yield  this  ore. 

The  most  productive  iron-bearing  members  of  the  Secondary 
rocks  are  the  Lias,  Great  Oolite,  Wealden,  and  Lower  Green- 
sand,  yielding  brown  haematite  and  earthy  carbonate,  which 
although  in  the  majority  of  cases  of  low  quality,  are  rendered  of 
great  commercial  importance  by  the  extremely  cheap  rate  at  which 
they  can  be  mined. 

The  Middle  Lias  is  the  most  productive  formation  of  iron  ores 
in  England,  its  greatest  development  being  in  the  Cleveland 
district ;  the  main  seam,  M^hich  is  the  one  chiefly  worked,  extends 
over  an  area  of  some  850  square  miles,  although  it  does  not  seem 
probable  that  it  can  be  worked  profitably  for  over  a  fifth  of  that 
area.^  There  are  several  bands  of  the  ore,  varying  in  thickness 
and  relative  position,  two  beds  in  places  running  together,  and 
forming  but  one,  although  the  general  strike  and  dip  of  the  seams 
are  fairly  uniform.  Its  average  iron  contents,  when  uncalcined, 
may  be  taken  at  about  30  per  cent,  with  1"5  per  cent,  of  phos- 
phoric acid. 

In  France  and  Southern  Germany  large  quantities  of  hcan 
ore,  a  coarse-grained  ])isolitic  iron  ore,  is  procured  from  irregular 
deposits  in  rocks  of  Oolitic  age.  A  series  of  beds  of  impure  brown 
haematite,  known  locally  as  Minette,  extend  over  an  enormous  area 
of  central  Western  Europe,  and  form  the  principal  source  of  iron 
supply  for  France,  Germany,  and  Luxembourg.  The  number  of 
beds  and  their  thickness  varies  in  different  districts,  but  their 
geological  relations  are  everywhere  the  same,  their  horizon  being 
the  base  of  the  Lower  Oolite.  These  ores  contain  an  average  of 
83  per  cent,  of  metallic  iron  and  0'8  per  cent,  of  phosphoric  acid. 
The  amount  of  iron  in  ores  of  Secondary  age  usually  varies  from 
1  J.  D.  Kendall,  The  Iron  Ores  of  Great  Britain,  1893,  p.  213. 
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about  32  to  48  jDer  cent,  while  the  proportion  of  phosphoric  acid 
is  sometimes  as  high  as  2  per  cent,  or  even  more. 

There  is  but  little  iron  ore  of  Tertiary  age  in  this  country,  the 
principal  deposit  being  at  Hengistbury  Head  in  Dorsetshire. 
Tertiary  iron  ores,  however,  occur  on  the  Continent,  and  are 
somewhat  extensively  collected  from  surface  deposits  in  France, 
Germany,  and  elsewhere ;  many  of  these  deposits  are  of  a  detrital 
character. 

The  separation  of  mineral  matter  from  masses  of  rock  through 
which  it  was  originally  but  sparsely  disseminated  is  well  exempli- 
fied in  the  ironstone  nodules  of  the  Coal-measures,  which  evidently 
result  from  the  separation  and  aggregation  of  carbonate  of  iron 
from  the  surrounding  shales  and  clays. 

The    calcareous   nodules    of    the    Lias    and    the    argillaceous 
deposits  known  as  septaria,  and  similar  nodules  in  the  Old  Red 
Sandstone    of    Scotland    and    South    Wales,    sometimes   termed 
"  cornstones,"  have,  in  the  same  way,  resulted  from  the  separation 
of  a  small  amount    of  calcareous  matter,  originally  distributed 
through  the  mass  of  argillaceous  and  siliceous  sediments.     Not 
unfrecpiently  these  argillo-calcareous  nodules   contain  fragments- 
of  the   enclosing  stratified  rock,  layers  of  which  may  be   traced 
through  them ;  the  lamina?  having  the  same  direction  as  the  mass 
of  the  rock  of  which  they  originally  formed  part.     This  has  been 
observed  in  nodules  from  the  Lias  of  Lyme  Hegis,  and  in  the  cal- 
careous septaria,  containing  fossilfish,  in  the  Old  Red  Sandstone 
of  Cromarty,  &c.     In  the  same  way  siliceous  particles  originally 
disseminated  in  calcareous  rocks  such  as  Chalk,  Portland  Lime- 
stone, Coral  Rag,  and  Carboniferous  Limestone,  have  separated  out 
and  become   segregated  into  the  various  forms  of  flint,  chert,  or 
hornstone  now  occurring  in  those  rocks,  and  sometimes  enclosing 
portions  of  the  original  beds,  or  a  nucleus  of  some  fossilised  organ- 
ism.    Occasionally  the  siliceous  matter  has  filled  the  more  or  less 
vertical  fissures  of  calcareous  rock,  or  even  replaced  its  original 
substance ;  ^  such  veins  of  flint  are  well  seen  in  the  chalk  clifi"s  of 
Ramsgate,  and  in  the  Portland  beds  of  Tisbury,  Wiltshire.     In  a 
similar  manner  the  nodules  of  phosphate  of  lime  which  occur  in 
certain  fossiliferous  strata  have  evidently  been  derived  from  the 
aggregation  of  their  components,   previously  distributed  in  the 
mass  of  the  original  deposits.     It  is  Avell  known  that  the  plastic 
clay  prepared  for  the  manufacture  of  pottery  and   porcelain  is 
mixed  with  finely  ground  silica,  and  from  such  mixtures,  if  not 
'  T.  Rupert  Jones,  Rdiqukh  Aquilaiii'-"-,  1875,  p.  202. 
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used  in  proper  time,  it  is  stated  the  silica  becomes  aggregated 
into  bard  lumps  or  nodules,  wbicb  render  tbem  useless  for  the 
purpose  of  porcelain  making. 

Group  c  Deposits  from  Solution,  subsequently  Meta- 
morphosed.— Tbe  previous  group  consisted  of  ores  eitber  deposited 
at  the  surface,  or  else  somewhat  consolidated  and  altered  by  in- 
cipient metamorphism,  but  nevertheless  retaining  most  of  the 
characteristics  that  they  had  when  freshly  formed.  The  present 
group  embraces  such  ores  in  which  the  metamorphism  has 
advanced  so  far  that  they  are  no  longer  recognisable  in  any  shape 
in  which  ores  are  precipitable  in  a  bed  by  any  process  of  nature 
known  to  us,  so  that  we  are  forced  to  assume  that  they  were 
originally  deposited  like  those  of  the  previous  group,  but  have 
since  then  undergone  complete  chemical  and  structural  meta- 
morphism, by  the  action  of  subterranean  heat  and  pressure.  This 
group  has  close  affinities  with  that  group  of  irregular  deposits 
which  is  connected  with  igneous  rocks,  and  it  is  quite  possible 
that  bedded  deposits,  which  were  originally  of  but  small  extent 
and  of  great  thickness,  and  have  since  then  undergone  very  com- 
plete metamorphism  together  with  the  rocks  enclosing  them, 
might  be  included  with  those  irregular  deposits.  When,  as  in 
this  case,  purely  genetic  considerations  are  at  fault,  morphological 
considerations  must  be  given  full  weight,  a.nd  not  only  the  dimen- 
sions of  the  ore  deposit,  but  its  high  or  low  angle  of  inclination 
must  be  taken  into  account  in  classifying  it.  Iron  ores  occurring 
in  highly  metamorphosed  rocks  are  usually  either  in  the  state  of 
ferric  oxide,  FegOo,  or  magnetite,  FcgO^.  Both  these  minerals 
are  obtained  from  beds,  lodes,  and  massive  deposits,  for  the 
most  part  enclosed  in  rocks  of  Cambrian,  Silurian,  Devonian,  or 
Carboniferous  age.  Red  haematite  is  sometimes  crystalline,  some- 
times fibrous,  columnar,  botryoidal,  granular,  or  compact.  Among 
the  most  important  European  deposits  of  haematite  are  those  of 
the  Island  of  Elba,  of  Dalkarlsberg  near  Nora-,  and  those  of  the 
Island  of  Uto,  in  Sweden  ;  in  the  two  latter  localities  it  is  associ- 
ated with  magnetite.  In  the  Island  of  Uto  the  ore  is  made  up  of 
parallel  layers  of  a  very  brilliant  specular  variety  of  haematite 
with  quartz,  and  is  therefore  not  unlike  the  rock  known  in  Brazil 
as  itahirite. 

In  the  Huronian  rocks  near  Marquette,  on  the  southern  shore 
of  Lake  Superior,  ai-e  large  deposits  of  schistose  haematite,  known 
by  the  name  of  iron  slate  or  sincular  schist,  which  have  long  been 
extensively  worked.     The  strata   enclosing  these  ores  ;ire  much 


PART  I  FOSSIL    ORES  47 

contorted,  and  are  chiefly  composed  of  talcose  and  cliloritic  schists, 
gradually  passing  into  parallel  bands  of  jasper  and  hsematite. 
Much  of  the  rock,  although  highly  ferriferous,  is  still  too  siliceous 
to  be  Avorked  for  iron ;  but  beds  of  solid  hsematite,  of  great  thick- 
ness and  free  from  earthy  impurities,  are  quarried  at  the  Republic 
and  Superior  Mines  in  the  district.  In  addition  to  haematite 
affecting  the  usual  crystalline  form,  these  beds  enclose  numerous 
crystals  of  the  octahedral  variety  of  ferric  oxide  known  as  martite. 

Important  deposits  of  the  same  class  have  more  recently  been 
opened  on  the  north  shore  of  Lake  Superior  in  the  Mesabi  range  ; 
these  have  been  traced  as  occurring  at  intervals  over  a  length  of  140 
miles,  the  width  of  the  ore  belt  nowhere  exceeding  two  miles,  and 
being  generally  less  than  one  mile.^  The  ore  occurs  in  beds  up  to 
100  feet  in  thickness.  These  ores  are  of  Taconic  age,  this  forma- 
tion overlying  unconformably  the  Archsean  green  schists  of  the 
Keewatin,  and  being  overlaid  in  turn  by  gabbro.  The  lowest 
member  of  the  Taconic  series  here  is  a  quartzite,  upon  which  rests 
a  series  of  strata,  consisting  of  siliceous  and  calcareous  rocks  banded 
with  layers  of  oxide  of  iron,  which  is  either  magnetite  or  hsematite. 
Eastward  from  Birch  Lake  the  gabbro  seems  to  have  flowed  over 
the  iron  belt,  and  in  doing  so,  it  has  converted  the  ore  into  mag- 
netite, the  effect  having  extended  for  miles  away  from  the  edge 
of  the  gabbro  flow ;  whilst  towards  the  Mississippi  the  ore  is 
practically  all  hsematite.  Mr.  Winchell  (loc.  cit.)  seems  to  hold 
the  opinion  that  these  deposits  are  due  in  part  to  "  oceanic  preci- 
pitation as  hydrated  sesquioxides  at  the  time  of  the  original  sedi- 
mentation "  of  the  Taconic  rocks  with  which  they  are  iuterstratified, 
"  subsequent  pressure  and  heat  having  dehydrated  the  ores,  and  the 
gabbro  outburst  rendered  them  magnetic,"  and  that  in  part  they  are 
due  to  replacement  of  the  quartzose  constituents  of  the  "  taconite  " 
rock  by  oxide  of  iron  at  a  period  subsequent  to  the  gabbro  outburst. 
Should  this  view  be  correct  (and  further  studies  of  the  deposit 
seem  to  be  needed  before  it  can  either  be  rejected  or  unhesitat- 
ingly .accepted),  then  will  this  deposit,  like  not  a  few  others 
need  to  be  j)laced  in  two  widely  different  groups  upon  any 
purely  genetic  system  of  classification.  In  addition,  it  is  proper 
to  remark  that  Mr,  Wadsworth^  ascribes  to  these  beds  of  ore 
and  the  associated  "  Jaspilite "  a  purely  eruptive  origin. 

Another   bed  of  hsematite   of  great   importance  economically 

'  Horace  V.  Winchell,  "The  Mesabi  Iron  Range,"  Trans.  Amer.  Inst.  Min, 
Eng.,  xxi.  1893,  p.  644. 

^     Report  of  the  State  Gtoloyist  of  Michigan,  1893,  p.  106. 
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as  well  as  of  high  geological  interest  is  the  great  bed  of 
''  Clinton "  ore,  which  is  found  cropping  in  most  of  the  Eastern 
and  Central  States  of  North  America.  Wherever  the  Clinton 
stage  of  the  Upper  Silurian  crops  out,  it  almost  invariably 
contains  one  or  more  beds  of  red  haematite  interstratified  with 
the  shales  and  limestones.^  The  ore  is  sometimes  a  fairly  pure 
haematite,  sometimes  little  more  than  a  highly  ferruginous  lime- 
stone. It  occurs  massive,  concretionary,  and  at  times  full  of 
fossils,  chiefly  mollusca  and  crinoids.  The  annexed  section  at 
Montour  Kidge,  Danville,  Pennsylvania,  after  H.  H.  Stock,"  will 
illustrate  the  geological  features  of  its  occurrence. 

It  seems  pretty  well  proved  that  this  ore  was  formed  by  depo- 
sition in  shallow  waters  in  a  manner  analogous  to  the  formation  of 
the  lake-ore ;  some  of  it,  however,  is  probably  due  to  the  metaso- 
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Fig.  10.— Section  of  iron-ore  beds  at  Montour  Ridge,  Pennsylvania. 

matic  change  of  limestone  beds  into  iron  ore,  or  to  the  gradual 
leaching  out  of  the  calcareous  constituent  from  a  ferruginous  lime- 
stone bed. 

There  are  a  series  of  beds  of  supposed  similar  age  at  Nictaux  in 
Nova  Scotia.  In  this  district,  which  is  still  very  imperfectly  ex- 
plored, there  are  a  number  of  beds  of  magnetite  and  haematite, 
whilst  other  beds  consist  of  both  minerals  mixed  ;  these  beds  are 
from  four  feet  to  ten  feet  in  thickness  and  course  about  E.N.E. — 
W.S.W.,  their  dip  being  in  places  nearly  vertical.  Some  of  these 
beds  are  of  massive  ore,  usually  fissile  parallel  to  the  plane  of 
bedding,  whilst  other  beds  contain  numerous  fossil  remains,  chiefly 
of  Smrifer  Nidavensis,  also  species  of  Avicula,  BelleropJion,  &c.  Sir 
William  Dawson  considers  these  beds  to  be  of  Lower  Devonian  age, 
but  one  of  the  embedded  fossils  brought  back  by  myself  [H.  L.] 
has  been  recognised  by  Professor  Lebour  a?  Posidonomya  Becheri, 

1  J.  F.  Kemp,  The  Ore  Depositfi  of  the  United  States,  1893,  p.  92. 
-  "Notes  on  the  Iron  Ores  of  Danville,  Pa.,"  Trans.  Amer.  Inst.  Min.  Eny., 
XX.  1891,  p.  371. 
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which  would  fix  their  age  as  Lower  Carboniferous,     The  foUowiug 
are  analyses  by  H.  Louis  : — 

I.  of  magnetite  from   Cleaveland  Mountain,   Nictaux ;  IL  of 
fossil  ore,  and  III.  of  amorphorus  fissile  haematite  from  Nictaux. 


I. 

Insoluble lS'9o 

FcoOj 48-.S4 

FeO 21-76  (calculated) 

AI2O3 1-62 

MnO 0-40 

CaO 4-01 

MgO 0-60 

COo /        not 

Combined  water  .  \  determined     .    .    . 

P,05 3-08 

S". 0-08 


II. 
18-13 
71-81 


3-59 
0-28 
2-50 
1-00 
not 
\  determined 
1-25 


Fe  metallic 


98-84 
50-77 


98-56 


50-21 


ni. 

9-42 
66-60 

8-83 
8-12 
0-49 
2-50 
0-49 
0-52 
2-33 
0-69 
trace 

99-99 
53-49 


There  can  be  little  doubt  but  that  these  beds  w^ere  deposited 
like  the  previous  ones,  and  that  they  have  subsequently  undergone 
metamorphism,  although  the  fossil  ore  is  probably  metasomatic. 
It  is  noteworthy  also  that  these  beds  are  the  source  whence  the 
bog  iron  ore  of  this  district,  previously  referred  to  (page  38),  was 
derived. 

The  celebrated  Pilot  Knob  Mine  near  St.  Louis,  Missouri,  is 
worked  on  ores  of  a  nearly  similar  character  to  those  of  Lake 
Superior.  They  form  a  couple  of  beds  of  hard  specular  haematite 
interstratified  with  breccias  and  sheets  of  porphyry,^  the  lower 
bed  being  from  twenty-five  to  forty,  and  the  upper  bed  from  six  to 
ten  feet  thick ;  they  lie  flat,  the  average  dip  being  13°.  The  exact 
mode  of  origin  of  these  ores  is  still  very  obscure,  though  most  au- 
thorities seem  to  refer  them  to  original  sedimentation.  At  Corn- 
wall, Pennsylvania,  there  are  immense  deposits  of  bedded  magnetite, 
containing  a  good  deal  of  iron  pyrites  and  some  copper,  but  so 
low  in  phosphorus  as  to  make  an  excellent  Bessemer  ore.  The 
deposits  form  three  low  hills,  showing  in  places  a  thickness  of 
300  feet  of  ore,  lying  upon  sandstones  and  associated  with  trap 
rocks,  the  hills  appearing  to  be  the  eroded  remains  of  a  large 
deposit.  There  are  no  important  continuous  beds  of  haematite  in 
the  United  Kingdom. 

Magnetic  iron  ores,  when  they  occur  in  a  massive  form,  usually 

contain  a  larger  proportion  of  oxygen  than  is  indicated  by  the 

formula  FegO^,  thus  indicating  the  presence  of  a  certain  amount 

of  haematite.     Magnetite  occurs  in  extensive  irregular  beds  or 

1  J.  F.  Kemp,  The  Ore  Deposits  of  (he  United  States,  1893,  p.  114. 
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stratified  deposits  in  various  European  countries,  being  usually 
enclosed  in  crystalline  metamorphic  rocks  and  associated  with 
such  minerals  as  hornblende,  epidote,  garnet,  idocrase,  chlorite, 
apatite,  quartz,  felspar,  pyrites,  &c. 

There  can  be  but  little  doubt  that  the  majority  of  these 
stratified  deposits  of  crystalline  iron  ores  were  originally  thrown 
down  in  a  hydrated  form  from  aqueous  solutions;  but  having 
been  subsequently  exposed  to  metamorphic  influences,  they  have 
not  only  lost  their  combined  water,  but,  like  the  rocks  enclosing 
them,  have  become  crystalline.  It  is  probable  that,  in  some 
instances,  they  may  have  been  deposited  as  carbonate  of  iron, 
which  first  lost  its  carbonic  acid  and  subsequently  became  more 
highly  oxidised. 

Professor  J.  S.  Newberry,  in  a  valuable  contribution  to  the 
School  of  Mines  Quarterly  for  November,  1880,  enumerates  the 
sources  whence  the  necessary  supply  of  iron  may  be  derived. 

In  the  oldest  existing  rocks  of  which  we  have  any  knowledge 
iron  is  an  important  constituent  of  many  minerals,  such  as  horn- 
blende, garnet,  biotite,  &c.,  and  in  rocks  of  this  description 
deposits  of  iron  ore,  commonly  as  magnetite  in  the  granites  and 
as  haematite  in  the  slates,  are  of  frequent  occurrence.  Deposits  of 
this  class  were  formerly  supposed  to  be  of  eruptive  origin,  but 
more  recently  it  has  been  pointed  out  by  various  authors  that, 
almost  without  a  doubt,  they  are  of  sedimentary  origin.  The 
magnetites  and  haematites  of  the  older  rocks  become  by  exposure 
converted  into  hydrated  ferric  oxide,  which  alteration  is  constantly 
attended  by  a  change  of  structure  resulting  in  exfoliation.  Iron 
oxide  thus  becomes  mixed  with  the  soil,  where  it  is  exposed  to  the 
action  of  carbonic  acid  and  various  other  acids,  resulting  from  the 
decomposition  of  vegetable  matter.  By  these  it  is  dissolved,  and 
becomes  a  constituent  of  the  surface  drainage  of  the  country,  to 
be  carried  a  greater  or  less  distance,  and  finally  deposited  in  the 
form  of  an  ore  of  iron.  In  the  same  way  various  minerals  con- 
taining iron,  such  as  hornblende  and  garnet,  forming  constituents 
of  the  rocks,  are  gradually  dissolved  by  carbonic  acid  and  other 
solvents,  and  thus  pass  into  solution.  Iron  pyrites  undergoes  a 
somewhat  different  form  of  decomposition,  since  both  its  con- 
stituents become  oxidised  with  the  formation  of  sulphate  of  iron, 
from  which  oxide  of  iron  is  ultimately  deposited. 

In  continuation  of  this  subject  Dr.  Newberry  then  proceeds  to 
say: — "Having  now  got  the  insoluble  23eroxide  of  iron  into  a  soluble 
form,  let  us  follow  it  in  its  travels.     All  the  drainage  of  a  forest- 
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covered  country  may  be  asserted  to  contain  iron.  Where  the  rocks 
and  soils  hold  this  metal  in  unusual  quantities,  the  amount  dis- 
solved and  transported  is  proportionately  great,  and  many  of  the 
springs  are  chalybeate.  Wherever  these  solutions  of  the  salts  of 
iron  are  exposed  to  the  air  they  absorb  oxygen,  and  the  iron  is 
converted  into  the  hydrated  sesquioxide.  This  we  see  in  the 
precipitate  of  iron  springs  as  yellow  ochre ;  in  bogs  and  pools  it 
forms  an  iridescent  film  which,  when  broken,  sinks  to  the  bottom 
of  the  water.  If  it  there  finds  decaying  organic  matter,  it  is 
robbed  of  a  portion  of  its  oxygen,  which  unites  with  the  carbon  to 
form  carbonic  acid,  and  this,  bubbling  to  the  surface,  escapes.  The 
iron  thus  becoming  again  a  soluble  proto-salt,  and  floating  off, 
absorbs  more  oxygen,  and  carries  this  also  to  the  organic  matter, 
continuing  to  do  this  until  all  is  oxidised ;  then  it  is  precipitated 
as  limonite  or  bog  iron  ore.  Thus  it  will  be  seen  that,  under  such 
circumstances,  iron  plays  the  same  part  that  it  does  in  the  circula- 
tion of  the  blood,  Avhere  it  is  oxidised  in  the  lungs  and  carbonised 
in  the  capillaries,  serving  simply  as  a  carrier  of  oxygen."  Beds  of 
iron  ore  thus  formed  naturally  become  metamorphosed  at  the 
same  time  as  the  enclosing  rocks,  and  give  rise  to  deposits  either 
of  magnetite  or  haematite  in  accordance  with  varying  conditions. 

Group  d.  Disseminations  through  Sedimentary  Beds. — 
This  important  group  may  in  one  sense  be  looked  upon  as  a  kind 
of  connecting  link  between  the  two  great  classes  of  deposits,  the 
symphytic  and  the  epactic,  because,  while  the  bulk  of  the  bed  itself, 
namely,  the  non-metallic  portion,  has  been  deposited  like  any  other 
rock  stratum  and  is  therefore  symphytic  in  the  sense  in  which  the 
word  has  been  here  used,  the  valuable  metalliferous  portion,  the  true 
ore  deposit,  is  of  later  formation  and  has  been  introduced  subse- 
quently to  the  deposition  (and  probably  even  to  the  consolidation 
and  elevation)  of  the  bed.  Many  writers  have  argued  in  favour  of 
the  view  that  these  beds  are  true  contemporaneous  deposits  in  the 
strictest  sense,  holding  that  the  metallic  constituents  have  been 
deposited  simultaneously  with  the  rock-forming  detritus  of  which 
the  beds  consist.  Obviously,  positive  proof  or  disproof  is  impossi- 
ble, but  what  evidence  there  is  seems  to  be  against  this  view.  It 
appears  to  be  certain  that  the  water  of  the  ocean  contains  minute 
traces  of  copper  and  also  of  silver ;  the  existence  in  it  of  gold  is 
said  to  be  more  doubtful,  nor  has  that  of  lead  ever  been  demon- 
strated.^    This  subject  has,  however,  been  quite  recently  studied 

^  E.  C.  C.  Stanford,    Presidential   Address,    Journ.    Soc.    Chem.    Ind.,  xiii 
No.  7,  1894,  p.  697. 
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by  Prof.  A.  Liversidge,  who  finds  0'5  to  1  grain  of  gold  to  the 
ton  of  sea-water  off  the  Austrahan  continent.^  It  is,  however, 
difficult  to  imagine  the  conditions  under  which  a  bed  of  sand 
or  shale  could  be  deposited  with  minute  disseminated  particles- 
or  concretionary  nodules  of  galena  or  cojDper  sulphide  distri- 
buted simultaneously  throughout  it.  Again,  these  deposits  are- 
not  confined  to  beds  of  proved  marine  origin,  but  some  may 
very  well  have  been  formed  in  fresh  water,  in  which  the  existence 
of  these  metals  has  yet  to  be  proved.  Many  of  the  metals  occurring 
in  these  beds  appear  as  sulphides;  it  is  known  that  subterranean 
waters  carry  metallic  sulphides  in  solution,  whilst  sea-water  appar- 
ently does  not.  It  is  even  difficult  to  imagine  these  metals 
existing  in  sea-water  except  as  chlorides,  so  that  for  their  precipi- 
tation a  comj^licated  interaction  between  these  salts,  sulphate  of 
lime,  and  decomposing  organic  matter  would  have  to  be  invoked  ; 
though  not  impossible  such  a  reaction  seems  antecedently  improb- 
able. The  strongest  argument  however  in  favour  of  the  subsequent 
deposition  of  these  metallic  ores  lies  in  the  analogy  of  their  mode 
of  occurrence  in  these  beds  and  in  fissure  veins,  in  which  the 
theory  of  such  deposition  from  subterranean  waters  is  a  pretty 
universally  acknowledged  fact.-  The  investigation  of  the  mode  in 
which  these  ores  were  deposited  from  circulating  subterranean 
solutions  will  accordingly  be  considered  with  that  of  the  origin  of 
fissure  veins  ;  it  may  be  added  that  the  fact  stated  by  several 
observers  to  be  true  of  very  many  different  deposits  of  this  class, 
namely,  that  these  beds  are  richest  in  the  neighbourhood  of  fault- 
or  fissure-planes  or  of  eruptive  dykes,  shows  still  more  clearly  the 
similarity  between  the  mode  of  origin  of  these  deposits  and  of 
certain  classes  of  fissure  veins,  whilst  another  significant  fact,  true 
of  a  good  many  such  beds,  is  that  they  are  richest  where  they  are 
found  uptilted  at  steep  angles,  and  poorer  where  they  are  lying 
approximately  horizontal,  a  fact  that  would  argue  forcibly  ia 
favour  of  the  deposition  of  the  ore  having  been  produced  by 
causes  subsequent  to  and  quite  disconnected  from  the  original 
formation  of  the  bed. 

One  of  the  most  typical  examples  of  a  bed  of  this  class  is 
exhibited  in  the  Kupferschiefer,  or  copper-bearing  shale  of  Mans- 
feld,  in  Prussian  Saxony,  where  mining  has  been  for  many 
centuries  extensively  carried  on  (sec  also  p.  396).  The  metalliferous- 

1  Proc.  Boy.  Soc.  of  X.  S.   Wales,  Oct.  2,  1895. 

-  S.  F.  Emmons,  "Structural  Relations  of  Ore  Deposits,"  Trans.  Amer.  Inst.. 
Min.  Eng.,  xvi.  1880,  p.  807. 
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bed  occurs  in  the  Zcchstein,  a  member  of  the  Permian  formation 
wanting  in  this  country,  but  regarded  as  being  equivalent  to  the 
Magnesian  Limestone  of  England.  At  Mansfeld  the  highest 
stratum  of  the  series  consists  largely  of  unstratified  gypsum  in 
which  are  numerous  cavities,  locally  called  Gypsschlotten,  caused 
by  the  solvent  action  of  water  upon  sulphate  of  lime.  With  the 
gypsum  is  associated  a  soft  bituminuous  dolomitic  limestone, 
locally  known  as  Asche,  and  beneath  this  follows  a  stratified  fetid 
limestone,  below  which  is  the  true  Zechstein,  giving  name  to  the 
formation.  In  depth  this  passes  into  a  bituminous  marly  shale, 
the  lowest  portion  of  which,  seldom  above  eighteen  inches  in 
thickness,  constitutes  the  chief  copper-bearing  stratum,  extending 
with  wonderful  regularity  for  many  miles.  Of  this  sometimes 
only  from  four  to  five  inches  are  sufficiently  rich  to  pay  the  cost  of 
smelting,  the  proportion  of  copper  in  the  ores  treated  varying 
from  two  to  five  per  cent.  The  ore  is  for  the  most  part  an  argen- 
tiferous fahlerz ;  but,  in  addition  to  this  miaeral,  copper  jsyrites, 
copper  glance,  erubescite,  native  copper,  melaconite,  cuprite, 
galena,  blende,  copper-nickel  and  iron  pyrites  are  present.  Native 
silver  is  but  rarely  met  with,  as  are  also  antimony,  bismuth,  and 
arsenic. 

Under  the  copper  shale  is  a  calcareous  sandstone  varying  in 
colour  from  white  to  gray,  which  is  in  part  a  conglomerate. 
This,  in  accordance  with  its  colour,  is  called  either  the  white 
layer,  Weissliegendcs,  or  gray  layer,  Graulicgaulcs,  and  sometimes 
contains  copper  ores.  The  regular  bedding  of  these  strata  is  fre- 
quently distui-bed  by  faults,  which,  although  they  themselves 
rarely  contain  ore,  appear  to  have  exercised  considerable  influence 
on  the  metalliferous  contents  of  the  strata  traversed  by  them. 
This  is  indicated  by  a  marked  increase  or  decrease  in  the  amount 
of  ore  contained  in  the  beds  for  considerable  distances  ;  the  effect 
sometimes  extending  as  far  as  their  intersection  by  the  next  fault. 

It  is  a  remarkable  fact  and  one  somewhat  difficult  to  account 
for,  that  beds  of  the  Permian  period  should,  all  over  the  world 
apparently,  show  copper  impregnations.  Besides  this  German 
locality,  there  are  enormous  deposits  of  copper-bearing  sandstone 
in  Southern  Russia ;  copper  is  found  in  beds  of  approximately  the 
same  age  in  Great  Britain  and  in  various  places  on  the  American 
continent.  Some  writers  have  argued  that  this  phenomenon 
shows  that  all  these  strata  were  deposited  in  a  sea  rich  in  coj^per 
salts,  but  this  view  seems  hardly  tenable.  It  would  seem  prefer- 
able to  suppose  that  the  close  of  this  period  was  attended  with 
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earth  movements  and  the  formation  of  fissures,  or  with  outbursts 
of  eruptive  rocks,  in  consequence  of  which  copper-bearing  solutions 
found  their  way  into  the  still  unconsolidated,  or  but  partially 
consolidated,  beds. 

At  Frankenberg,  in  Hesse,  where,  among  numerous  other 
German  localities,  copper  occurs  in  small  quantities  in  the  Zechstein 
group,  the  true  ore-bearing  bed  consists  of  a  light  crumbling  clay, 
and  the  ore  is  not,  as  at  Mansfeld,  disseminated  in  microscopic 
particles,  but  assumes  the  form  of  fossil  plants.  The  stalks,  fruit, 
and  leaves  of  these,  are,  in  some  cases,  converted  into  either 
tetrahedrite  or  copper  glance,  while  in  others  the  plants  have 
become  converted  into  coal,  and  are  traversed  by  numerous  strings 
of  copper  ore.  Iron  j)yrites  is  rarely  associated  with  the  ores  of 
copjDer  in  the  Frankenberg  deposits. 

A  not  very  dissimilar  deposit  occurs,  and  has  been  sparingly 
worked,  on  the  banks  of  French  River,  New  Annan,  Nova  Scotia. 
The  Upper  Carboniferous  strata  here  consist  of  red  sandstones 
lying  almost  horizontal  and  showing  much  "  false  bedding." 
Above  this  stratum  lies  a  fissile  micaceous  sandstone  containing 
imbedded  plant  remains,  now  converted  into  anthracite  coal ;  and 
associated  with  these  are  thin  strings  of  copper  pyrites,  vitreous 
copper  ore,  and  iron  pyrites,  the  layer  being  from  one  to  six 
inches  thick.  This  bed  is  overlaid  by  one  of  coarse  red  grits,  and 
then  comes  a  bed  of  gray  sandstone  six  to  ten  inches  thick  on 
the  average,  though  more  in  places,  containing  numerous  nodules 
of  vitreous  copper  ore  and  of  covelline ;  these  nodules  generally 
range  in  weight  from  I  oz.  to  ^  lb.,  though  they  have  exception- 
ally been  found  to  weigh  1 1  lbs.  The  following  are  analyses,  I.  of 
the  covelline,  II.  of  bronze-brown  copper  ore.^ 

I.  II. 

Insoluble  matter 5'7S      .    .    .       19'66 

Ferric  oxide  and  alumina 3 "89 

Copper 6411 

Iron — 

Sulphur 2.) -(34 

Organic  matter,  lime,  magnesia,  manganese,  &c.        0"oS 

100 -00  100-00 


20-52 

25-95 

31-35 

2-52 


There  seems  little  doubt  that  this  deposit  was  formed  by  the 
reducing  action  of  particles  of  organic  matter,  or  of  the  gases 
evolved  by  their  decomposition  upon  solutions,  most  likely  of 
sulphate  of  copper,  that  traversed  these  soft  fissile  beds  long  after 

^  H.  Louis,   "  Xotes  on  Nova  Scotia  ^lineralogy,"  Trans.  X.  S.  Inst,  of  Xat.. 
ScL,  1S7S,  p.  423. 


PART    I 


SILVER   SANDSTONE 


OD 


their  deposition,  and  hence  that  they  must  be  classed  in    the 
group  now  under  consideration. 

An  excellent  example  is  the  Silver  Sandstone  district  of  Utah, 
in  Washington  County,  some  320 
miles  south  of  Salt  Lake  City, 
near  the  borders  of  Arizona.-^  The 
general  geological  features  of  the 
district  are  shown  by  the  accom- 
panying section,  Fig.  11  (taken 
from  the  Engineering  and  Mining 
Journal,  vol.  xxix.  1880,  Jan.  17, 
supplement),  through  one  of  its 
most  productive  mines.  The 
formation  is  of  Triassic  age,  and 
consists  of  alternating  shales  and 
sandstones.  Two  of  these  beds 
of  sandstone,  known  locally  as  the 
"  White  Reef"  and  the  "Buckeye 
Reef,"  whitish -gray  to  reddish- 
brown  in  colour,  carrying  numer- 
ous plant  remains  in  places,  and 
from  300  to  4,000  feet  apart  in 
various  parts  of  the  field,  are  im- 
pregnated with  cerargyrite  or 
horn  silver  (AgCl)  to  an  average 
value  of  some  twenty-five  ounces 
of  silver  to  the  ton.  The  ore  is 
not  confined  to  one  special  bed, 
but  it  is  limited  to  a  zone  thirty 
to  ninety  feet  wide,  anywhere 
within  which  the  ore  may  occur ; 
that  is  to  say,  the  ore  occurs  in 
narrow  belts  now  uniting,  now 
being  separated  by  barren  rock 
for  a  space  of  thirty  feet,  now 
thinning  out  to  reappear  again 
higher  up  or  lower  down,  or 
at  times  faulted  by  well-marked 
faulting  planes,  as  shown  in 
the  subjoined  section  (Fig.  12)  taken  from  the   quoted  paper  of 

^  C.  M.  Rolker,  "The  Silver  Sandstone  District  of  Utah,"  Trans.  Amer.  Inst. 
Min.  Emj.,  ix.  1S80,  p.  21. 
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Rolker.  Mr.  J.  S.  Newberry,  writing  to  the  Engineering  and 
Mining  Journal,  under  date  October  23,  1880,  states  bis  opinion 
that  the  silver  and  copper  which  these  sandstones  contain,  were 
deposited  contemporaneously  apparently  by  the  agency  of  the 
organic  matter  present  and  not  introduced  subsequently,  his  chief 
argument  being  that  the  beds  are  argentiferous  not  only  in  the 
neighbourhood  of  the  faults,  but  that  in  their  extension  through 
the  unbroken  tablelands  to  the  north  they  still  contain  silver, 
though  rarely  more  than  seven  to  eight  ounces  to  the  ton. 
Nearly  all  other  geologists  who  have  examined  these  deposits  are 
in  favour  of  the  view  here  adopted,  namely,  that  the  silver  was 
introduced  subsequently  to  the  formation  of  the  beds.  Mr.  Rolker 
{loc.  cit.)  says  that  the  ore,  which  is  horn  silver  in  the  upper  parts, 
changes  to  sulphide  of  silver  at  true  water  level,  and  holds  that 
it  was  introduced  in  the  latter  form  subsequent  to  the  tilting  and 


Fig.  12. — Sectiou  of  Ai-gentiferous  Sandstone  bed. 

.faulting  of  the  beds.  He  points  out  that  the  beds  are  richest  near 
the  faults ;  that  the  latter  are  filled  with  clay,  and  generally  also 
contain  some  silver ;  that  whilst  the  silver  is  in  many  spots  found 
replacing  the  tissue  of  the  remains,  in  other  places  stretches 
200  feet  long,  quite  free  from  organic  remains,  yet  very  rich  in 
silver,  may  be  met  with.  Finally,  he  points  out  that  the  facts 
that  the  same  beds  further  south  carry  copper  ores,  and  that 
the   belts   of  productive   sandstone    are  in    places  separated  by 

barren  strips  cannot  rationally   be    explained  on  any   theory    of 

contemporaneous  deposition. 

The  same  view  is  also  strongly   advocated   in    an   elaborate 

report  on  this  district  contributed  to  the  Engineering  and  Mining 

Journal,  of  January  10,  1880.     The  writer  describes  this  district 

as  follows  : 

"  The  beds  in  it  are  more  or  less  inclined,  and  are  composed  of 

alternating  series  of  white  and  yellow,  red  and  purple  sandstone 

and  shales,  some  of  Avhich  are  impregnated  irregularly  with  silver 
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ores  either  in  the  form  of  chlorides  or  of  sulphides.  Near  the 
line  of  the  supposed  break  between  the  horizontal  bed  of  the 
plateau  and  the  inclined  beds  of  the  silver-bearing  distric1:S  occur  a 
number  of  volcanic  overflows  of  basalt,  which  have  the  appearance 
of  being  the  result  of  a  single  outflow  or  eruption,  and  which 
appear  also  to  be  connected  with  the  presence  of  these  mineral 
deposits  in  the  inclined  beds,  which  all  dip  towards  the  fault.  No 
doubt,  the  heat  and  volcanic  gases  from  this  lava  outburst 
rendered  more  energetic  the  solvent  liquids  passing  through  the 
sedimentary  sandstone,  containing  silver.  As  this  silver-bearing 
solution  approached  the  surface,  its  temperature  and  pressure 
would  be  reduced,  and  as  the  porous  sandstone  beds  through 
which  it  filtered  contained  large  quantities  of  carbonaceous 
matter,  the  silver  was  precipitated  in  the  insoluble  form  of 
sulphides,  and  these  were  subsequently  in  part  changed  to 
chlorides  above  the  water-level.  In  this  manner,  we  may  suppose 
the  accumulation  of  silver  ore  ia  these  sedimentary  sandstones 
and  shales  to  have  been  brought  about,  and  many  facts  seem  to 
confirm  tliis  view  of  the  case.  The  silver  occurs  as  chloride  and 
sulphide,  and,  occasionally,  as  native  silver,  disseminated  through 
the  more  porous  and  fissured  beds,  and  especially  in  the  bedding 
and  fracture  planes  of  the  sandstone,  and  coating  the  bright 
*  slipped '  surfaces  of  the  hard  shale  beds — locally  known  as  soap- 
stone — where  these  beds  have  been  disturbed  and  crushed. 
Wherever  the  shale  is  compact  and  has  not  been  crushed — that  is, 
wherever  it  remains  in  a  condition  in  which  water  could  not  pass 
through  it — it  contains  no  silver.  And  wherever  the  sandstone 
beds  become  very  hard,  compact,  and  unfissured,  they  appear 
to  become  poorer,  and  the  silver  is  confined  more  largely  to  the 
bedding  planes.  The  silver,  that  at  some  depth  below  the  surface 
was  distributed  with  more  or  less  uniformity  throughout  the  ore- 
bearing  bed,  appears  to  collect  in  the  planes  between  the  beds  as 
these  approach  the  outcrop,  giving  the  appearance  of  the  silver 
'  vein '  so  called,  having  split  up  and  come  to  the  surface  as  thin 
leaders  or  stringers  of  very  rich  ore.  This  is  not  only  the  well- 
recognised  condition  of  the  silver-bearing  beds  everywhere  Dear 
their  outcrop,  but  it  is  the  condition  we  should  naturally  expect 
from  the  mineral-bearing  solution  collecting  in  the  bedding-planes, 
as  these  offered  more  available  channels  near  the  surface.  It  is 
quite  evident  that  the  silver  we  now  find  coating  the  polished  sur- 
faces of  the  crushed  shales,  and  filling  the  cracks  and  coating  the 
surfaces  of  the  fossihsed  (petrified)  wood  frequently  found  in  the 
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sandstone  beds,  must  have  come  there  after  these  substances  had 
assumed  their  present  conditions.  We  may,  therefore,  expect  to  find 
in  future,  as  has  been  found  thus  far,  that  the  conditions  which 
facilitate  the  percolation  of  the  silver-bearing  solution,  where  the 
rocks  contained  suitable  precipitants,  will  favour  the  occurrence  of 
ore,  and  the  rocks  becoming  compact,  hard,  and  unbroken — 
conditions  which  would  naturally  impede  the  percolation  of  water 
— will  be  found  unfavourable  to  the  occurrence  of  rich  ore-bodies. 
The  occurrence  of  ore  in  these  sandstone  beds  is  extremely 
capricious,  as  might  be  expected  from  the  method  of  deposition 
suggested.  It  occurs  in  numerous  chimneys  or  chutes,  and  has 
collected  in  portions  of  the  beds  where  ferruginous  or  carbonaceous 
matter  appears  to  have  attracted  it ;  yet  copper,  which  in  many 
places  stains  the  rocks  green,  seems,  on  the  contrary,  to  be  an 
unfavourable  indication  for  silver.  The  work  already  done  on  the 
silver-bearing  reefs  has  fully  demonstrated  that  the  ore  is  more 
abundant  and  richer  at  certain  points  than  at  others,  and  a  most 
careful  examination  of  each  particular  property  is  necessary  to 
determine  its  value ;  for  while  the  rocks  which  contain  the  ore 
are  as  continuous  as  other  sedimentary  beds,  the  occurrence  of 
'pay'  in  them  appears  to  be  subject  to  the  same  laws,  conditions, 
and  accidents  which  have  governed  the  deposition  of  similar  ores 
in  fissure-veins." 

It  has  appeared  advisable  to  quote  the  above  at  full  length, 
in  order  to  show  the  prevailing  theories  respecting  the  manner  in 
which  these  deposits  have  been  formed,  as  a  highly  typical 
example  of  the  class  of  deposits  we  are  now  considering. 

One  of  the  most  important  examples  of  this  class,  which  must 
be  quoted,  is  the  wonderfully  rich  gold  deposit  of  the  Witwaters- 
rand  in  the  Transvaal.  The  beds  here  are  comparatively  thin 
beds  of  conglomerate,  locally  known  as  "  banket "  reefs,  from  a 
Dutch  word  for  a  kind  of  almond  rock,  to  Avhich  the  conglomerate 
bears  a  fancied  resemblance,  somewhat  as  in  English  the  term 
"  pudding  stone  "  is  applied  to  similar  deposits. 

These  banket  beds — erroneously  called  reefs  in  the  Transvaal 
— strike  approximately  east  and  west,  and  dip  to  the  south  at 
steep  angles  from  60°  to  85°  at  the  surface,  the  dip  appearing  to 
become  rather  flatter  as  the  beds  go  down.  The  term  reef  has 
been  so  persistently  applied  to  these  beds  not  only  by  the  miners 
of  South  Africa,  but  by  most  of  those  who  have  written  on  the 
subject,  that  it  seems  advisable  to  use  it  here,  in  spite  of  the 
objections  to  aiding  in  the  perpetuation  of  a  misnomer. 
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Fig.  13  is  a  vertical  section  across  the  formation  at  the  surface 
of  the  Wemmer  mine,  showing  the  appearance  of  the  beds  when 
only  about  forty  feet  in  depth  had  been  attained,  and  Fig.  14  a 
more  extensive  section  of  the  Robinson  mine,  taken  from  Hatch 
and  Chalmers'  work.^  At  the  shallower  depth,  the  beds  were  soft, 
consisting  of  well-rounded  pebbles  held  together  by  a  siliceous 
and  partly  ferruginous  cement.  Near  the  surface  the  whole  belt, 
about  100  feet  thick,  consisting  of  sandstones,  grits  and  con- 
glomerates, all  showed  gold  to  some  extent,  the  conglomerate 
beds  being  very  rich  in  places.     At  that  time  the  banket  reef^ 


Fig.  13. — Section  across  Wemmer  Reefs  at  surface. 


since  called  the  main  reef  leader,  was  alone  worked,  and  yielded 
about  six  ounces  to  the  ton.  In  some  places,  e.g.  in  the 
JumjDers'  claims,  this  leader  was  wonderfully  rich,  some  speci- 
mens appearing  thickly  incrusted  with  finely  divided  gold  and 
yielding  at  the  rate  of  600  ounces  to  the  ton ;  it  Avas  even  then 
obvious  that  practically  all  the  gold  was  contained  in  the  cement- 
ing material  and  very  little  in  the  quartz  pebbles,  the  gold  being 
highly  crystalline  and  appearing  with  perfectly  sharp  edges  under 
tlie  microscope.  As  all  the  quartz  pebbles  were  thoroughly  water- 
worn,  it  was  evident  that  the  gold  was  not  contemporaneous  with 
1  F.  H.  Hatch  and  J.  A.  Chalmers,  The  Gold  Mines  of  the  Band,  1895. 
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the  bed.  Subsequent  exploration  and  very  extensive  mining 
operations  have  greatly  increased  our  knowledge  of  these  deposits, 
the  outcrops  of  which  appear  to  form  the  edges  of  an  oval  rock 
basin,  whose  greatest  diameter  runs  from  east  to  west.  A 
number  of  separate  groups  of  conglomerate  beds  are  now  known, 
their  names  from  the  north  edge  of  the  basin  towards  its  centre 
being  as  follows  :  — ^ 

Du  Preez  Reef  series. 
Main  Reef  series. 
Livingston  Reef  series. 
Bird  Reef  series. 
Kimberley  Reef  series. 
Klippoortje  Reef  series. 
Elsburg  Reef  series. 
Black  Reef  series. 

Comparatively  few  of  these  have  been  worked  or  found  worth 
working,  so  that  most  of  them  are  imperfectly  known.  Their 
general  characteristics  seem  to  be  more  or  less  similar,  except  as 
regards  the  amount  of  gold  contents,  and  the  fact  that  the  outer 
beds  are  more  steeply  inclined  than  those  nearer  the  centre  of  the 
basin.  The  main  reef  series  is  by  far  the  best  known,  this  being 
almost  the  only  one  that  carries  beds  sufficiently  rich  to  be  worth 
Avorking.  A  number  of  beds  in  the  main  reef  series  have  received 
special  names,  and  attempts  have  been  made  to  correlate  them 
throughout  the  long  extension  (some  fifty  miles)  in  which  they 
are  known,  but  without  very  much  success,  as  it  is  by  no  means 
certain  that  the  individual  beds  are  continuous.  They  are  very 
irregular,  now  thick,  now  thin ;  the  same  bed  will  sometimes  split 
into  several  others,  and  sometimes  two  or  more  will  coalesce  to 
form  one  bed ;  as  the  entire  formation  is  moreover  much  broken 
up  by  dykes  and  faults,  it  is  practically  impossible  to  trace  a  bed 
for  any  very  great  distance.  The  total  number  of  beds  so  far 
recognised  seem  to  be  five,  named  as  follows : — 

South  reef average  width  2^  feet. 

Middle  reef „  „        4    feet. 

Main  reef  leader    ...        ,,  „        1|^  feet. 

Main  reef „  „      10    feet. 

North  reef „  „        2    feet. 

1  Schmeisser,  Ueber  Verkommen  und  Gewinnung  der  Xutzbaren  Minercdien  in 
dtr  Sudafrikanischtn  Repuhlik  {Transi\ial),  1894,  p.  37. 
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The  widths  are  very  variable,  the  main  reef  for  instance 
varying  from  sixteen  feet  to  a  mere  thin  sheet.  The  south  reef 
and  main  reef  leader  are  separated  by  sixty  to  one  hundred  feet 
of  sandstone ;  there  is  generally  about  one  foot  or  two  feet 
separating  this  leader  from  the  main  reef,  and  some  forty  feet 
between  the  main  and  north  reefs,  but  the  thickness  of  these 
partings  are  as  variable  as  those  of  the  "  reefs  "  themselves.  All 
these  reefs  are  rarely  present  in  any  one  section,  whilst  some  of 
them,  notably  the  south  reef,  seem  readily  to  split  into  two  or 
three  separate  "reefs." 

At  about  one  hundred  feet  vertical  depth  the  oxidising  effect  of 
surface  water  commenced  to  disappear,  and  unaltered  banket  was 
visible.  This  was  much  harder  and  the  cementing  material  was 
no  longer  red  or  brown  but  greenish -blue  in  colour,  the  pebbles 
being  still  of  white  translucent  quartz,  mostly  of  medium  size, 
say  about  that  of  walnuts  on  the  average.  Examination  under  the 
microscope  has  shown  that  the  quartz  of  these  pebbles  is  a  condition 
of  stress  caused  mechanically  by  the  pressure  to  which  the  beds 
have  been  subjected  subsequently  to  their  formation.  The  cement- 
ing material  consists  of  small  grains  of  similar  quartz  and  the  follow- 
ing minerals :  ^  Iron  pyrites,  magnetite,  zircon,  rutile,  muscovite, 
chlorite,  secondary  quartz,  and  metallic  guld.^  The  pyrites  occurs 
in  rounded  and  broken  crystals  as  well  as  in  perfectly  sharp-edged 
forms ;  it  seems  clear  that  the  former  were  original  components  of 
the  conglomerates  while  the  latter  have  been  formed  subsequently 
in  situ  and  have  acted  as  a  cementing  material.  The  true  cement - 
ino-  inofredients  are  however  the  chlorite  and  moscovite  ;  magnetite 
and  rutile  are  rounded  and  have  been  original  constituents. 
Secondary  quartz  has  been  deposited  in  interstices  in  the  con- 
glomerate, and  is  also  found  uniting  broken  quartz  pebbles.  The 
gold  occurs  in  microscopic  cr3^stals,  the  forms  of  which  can  but 
rarely  be  determined  with  certainty  ;  also  in  crystalline  aggregates, 
never  in  rounded,  smooth,  or  flattened  grains  such  as  occur  in 
alluvial  deposits.  It  seems  to  be  confined  to  the  secondary 
minerals,  and  never  to  occur  in  the  original  constituents  of  the 
conglomerate  ;  it  is  often  found  intimately  associated  with  the 
pyrites  or  encrusting  the  latter.  It  is  moreover  noteworthy  that 
such  crystals  of  pyrites  as  are  found  in  the  original  quartz  pebbles 
are  very  poor  or  quite  barren  of  gold.     The  average  gold  contents 

^  Schmeisser,  loc.  cif. 

2  Hatch  and  Chalmers  (he.  cit.)  add  marcasite,  copper  pyrites,  zinc  blende, 
■galena,  ilmenite,  corundum,  and  stibnite  to  this  list. 
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of  the  unaltered  banket,  below  the  depths  at  which  surface  en- 
richment raised  them  above  their  true  normal,  is  just  about  15 
dAvt.  to  the  ton.  In  a  communication  to  the  Geological  Society 
of  South  Africa,  Mr.  Kuntz^  gives  various  reasons  for  thinking  it 
jjrobable  that  the  dykes  and  faults  that  intersect  those  beds  form 
the  source  whence  the  auriferous  solution  made  its  way  into  the 
beds,  and  holds  that  "  it  may  have  been  that  the  leaching  process 
went  on  along  the  numerous  slides  and  breaks,  mostly  filled  with 
diabase,  which  were  produced  by  the  tilting  up  of  the  whole 
formation."  He  goes  on  to  point  that  "the  conglomerates  in 
which  the  pebbles  are  lying  immediately  one  on  another,  are, 
generally  speaking,  richer  than  those  in  which  the  pebbles  are 
embedded  in  a  surrounding  fine  grained  cement,"  giving  as  an 
explanation — which  is  not  however  wholly  satisfactory — that  the 
solution  was  able  to  penetrate  more  easily  and  percolate  more 
quickly  in  the  former  form  than  in  the  latter.  He  also  gives  it 
as  a  generally  received  opinion  that  the  banket  beds  are  richer  in 
the  neighbourhood  of  the  eruptive  dykes.  Messrs.  Hatch  and 
Chalmers,  however,  say  that  "  they  have  not  been  able  to  find  any 
reliable  evidence  in  favour  of  the  idea  locally  prevalent  that  the 
dykes  have  acted  beneficially  on  reefs  in  their  immediate  neigh- 
bourhood in  regard  to  gold-contents."  It  is  noteworthy  that  these 
beds  have  been  extremely  faulted,  overlap  faults  (see  page  18) 
being  common  in  some  parts,  whilst  numerous  normal  faults  also 
occur,  traversing  the  beds  in  all  directions ;  some  of  these  are 
simple  fissure  planes,  others  are  dykes  of  all  thicknesses  up  to  one 
hundred  feet.  The  eruptive  rocks  of  which  they  consist  are  at 
times  granitic,  but  are  more  often  diabasic  and  dioritic,  these 
latter  rocks  appearing  to  be  closely  related  to  the  great  sheet  of 
greenstone  that  covers  the  country  north  of  the  Klip  Eiver. 
Another  point  of  importance  is  the  fact  that  these  banket  beds 
are  in  places  traversed  by  quartz  veins,  which  are  usually  ex- 
tremely rich  in  gold,  as  for  instance  in  the  claims  of  the  Wolhuter 
and  Jumpers'  Companies.  The  greater  richness  of  the  steep- 
lying,  and  therefore  more  violently  uptilted,  main  reef  beds,  as 
compared  to  the  flatter  lying  beds  nearer  the  central  parts  of 
the  basin,  is  also  a  fact  that  may  have  great  significance  in  this 
connection. 

From  the  above  description,  the    genesis  of  the   auriferous 
banket  beds  is  not  difficult  to  trace  in  its  general  broad  outlines. 

^  Kuntz,     "  The    Rand   Conglomerates,"    reported   in   the   Mininy   Journal, 
November  16,  1895,  p.  1386. 
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The  close  of  the  Swazischist  period  was  evidently  marked  by 
great  rock  movements,  that  threw  up  these  strata  at  steep  angles 
and  formed  important  mountain  chains.  As  one  of  the  results  of 
the  subsequent  disintegration  of  these  high  lands,  a  series  of  beds 
of  alternating  coarser  and  finer  texture,  gravels  and  sands,  was 
deposited  in  the  area  now  known  as  Witwatersrand.  This  deposi- 
tion may  have  taken  place  on  the  shores  of  the  ocean,  but  the 
absence  of  fossils  and  the  rapidity  of  alternation  of  these  beds, 
together  with  their  comparatively  speaking  small  extent,  make  it 
more  probable  that  the  scene  of  their  deposition  was  an  inland 
lake.  The  absence  of  water-worn  gold  is  good  proof  that  these 
beds  were  not  derived  from  auriferous  quartz  reefs,  unless  the 
somewhat  improbable  theory  be  adopted  that  such  water-worn 
gold  was  first  dissolved  and  then  reprecipitated  in  the  same  beds. 
It  is  however  difficult,  if  not  impossible,  to  imagine  any  natural 
conditions  under  which  such  a  series  of  chemical  reactions  could 
occiir  successively  within  the  same  area.  The  unequal  distribution 
and  mode  of  occurrence  of  the  gold,  intimately  connected,  as  has 
been  shown,  with  the  cementing  minerals  of  the  beds,  make  it 
practically  certain  that  the  gold  was  not  derived  from  the  waters 
beneath  which  the  beds  were  being  formed  ;  this  latter  hypothesis 
is  indeed  untenable  for  very  many  reasons,  even  if  we  had  any 
evidence  that  such  a  mode  of  gold  precipitation  is  ever  possible. 

These  beds,  till  that  time  non-auriferous,  were  subsequently 
overlaid  by  others,  and  in  consequence  became  consolidated,  and 
were  next  tilted  up,  these  movements  being  accompanied  by  the 
formation  of  fissures,  of  faults,  and  of  slips.  Concurrently  the 
conglomerate  beds  were  traversed  by  subterraneous  waters  carrying 
gold  in  solution,  which  waters  penetrated  most  readily  those  beds 
that  were  most  open  in  structure — i.e.,  through  the  gravel  beds 
in  preference  to  those  composed  of  comparatively  close-grained 
sands.  Hence  we  find  that  the  sandstones  are  but  slightly  gold- 
bearing.  The  other  minerals  that  cement  the  pebbles  together 
were  no  doubt  formed  by  the  action  of  the  same  (probably 
alkaline)  solutions  that  brought  in  the  gold.  It  is  probable  that 
the  intrusion  of  igneous  rocks  in  this  region  was  more  or  less 
directly  connected  with  this  circulation  of  mineralising  solutions, 
the  heat  and  pressure  that  must  have  accompanied  the  intrusion, 
playino-  probably  an  active  part  in  the  chemical  reactions,  or 
increasing  the  solvent  powers  of  the  waters  in  depth.  Whether 
the  solutions  found  their  way  through  the  fissures  that  are  now 
veins    of  gold    quartz,   through    the   fault   fissures,   through   the 
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igneous  dykes,  or  through  neighbouring  strata,  is  a  question  that 
must  be  left  for  the  present  unanswered,  as  we  have  no  evidence 
before  us  by  Avhich  to  decide  it;  nor  do  we  know  either  the 
proximate  or  the  ultimate  source  whence  the  gold  came.  Many 
theories  have  been  put  forward,  but  none  have  yet  been  proved, 
and  it  is  better  to  avoid  all  such  highly  speculative  or  controversial 
problems  for  the  present ;  sufficient  for  us  to  note  that  we  have 
here  a  well-marked  example  of  a  bedded  deposit,  in  which  the 
metallic  ingredient  that  gives  it  its  value  was  deposited  in  it  by 
chemical  action,  long  subsequently  to  the  formation  of  the  bed 
itself. 

The  remarkable  beds  of  crystalline  sandstone  which  are  worked 
for  lead  ore  at  Commern,  in  Rhenish  Prussia,  are  of  Lower 
Triassic  age,  and  may  be  regarded  as  belonging  to  the  class  of 
deposits  at  present  under  consideration.  They  are  situated  at 
the  extreme  northern  end  of  the  Eifel,  the  ore-bearing  rock  being 
a  white  sandstone  of  great  thickness,  which  is  covered  by  red  sand- 
stones and  conglomerates  (see  also  page  368),  The  upper  portions 
of  the  metalliferous  rock,  which  alone  are  sufficiently  rich  to  repay 
the  expenses  of  w^orking,  are  thickly  charged  with  concretions 
varying  in  size  from  a  pin's  head  to  a  pea,  which  are  made  up  of 
quartzose  sand  cemented  by  galena  ;  these  concretions  are  spoken 
of  by  the  German  miners  as  knots  (knotcn),  and  form  them  the 
name  of  the  bed  Knotten-sandstein  is  derived.  The  roof  of  the 
bed,  which  consists  of  conglomerate,  is  not  worked  for  lead, 
although  it  sometimes  contains  pebbles  partially  coated  with 
galena.  In  the  upper  beds  large  spheroidal  concretions  of  brown 
ironstone  are  abundant,  some  of  them  being  perfectly  consolidated, 
while  others  are  still  in  a  soft  state.  The  nodules  contain  small 
quantities  of  chromium,  vanadium,  and  titanium,  the  last-named 
metal  being  present  in  largest  amount. 

The  workings  are  carried  on  partly  by  open-cast,  and  partly  by 
underground  mining.  When  the  over-burden  does  not  exceed 
100  feet  in  thickness  the  metalliferous  bed  is  stripped,  the  over- 
lying rock  being  removed  by  a  series  of  teiTaces.  When,  however, 
in  following  the  deposit  to  the  dip,  the  covering  becomes  of  a 
greater  thickness  than  that  indicated,  levels  are  driven  into  the 
bed,  and  the  ore  is  won  by  a  system  of  irregular  pillar- working, 
not  unlike  that  employed  for  winning  the  thick  coal  of  South 
Staffordshire.  The  rock,  although  soft,  usually  stands  without 
timber,  but  when  once  broken  from  the  mass,  it  crumbles  so  readily 
that  the  nodules  of   impure  lead    ore    are    separated    from    the 

F 


66  ORE    DEPOSITS  part  i 

unproductive  sand  by  the  use  of  drum-sieves.  This  sifting  is 
carried  on  in  the  mine  itself  by  manual  labour,  the  nodules  of 
lead  ore  alone  being  sent  to  surface,  while  the  sand  separated 
from  them  is  employed  for  filling  the  exhausted  workings.  The 
nodular  galena  mixed  with  sand  is  subsequently  stamped  and 
dressed  in  the  usual  way,  but  the  carbonate  of  lead,  a  consider- 
able amount  of  which  is  present  in  the  rough  ore,  is  to  a  large  • 
extent  lost  in  the  operation.  The  annual  production  of  lead  from 
this  district  is  very  considerable,  and  the  lead  produced  from  the 
ores  contains  from  2J  oz.  to  4.r  oz.  of  silver  per  ton.  Lead  ores 
occur  under  somewhat  similar  circumstances  near  Gerolstein  in 
the  High  Eifel,  and  in  many  other  German  localities,  as  well  as 
in  Nottinghamshire  and  Leicestershire  in  this  country. 

In  the  copper-bearing  Lower  Keuper  sandstones  of  Alderley 
Edge,  Cheshire,  carbonate  of  lead  and  some  other  oxidised  ores  of 
that  metal,  such  as  vanadinite  and  pyromorphite,  are  found,  and 
here,  as  at  Commern,  they  are  sandstones  to  a  large  extent  made 
up  of  crystalline  grains  of  quartz.^ 

The  presence  at  Commern  of  nodules  of  clay  ironstone  in 
some  of  the  upper  beds,  together  with  the  fact  that  the  grains 
of  sandstone  of  the  lead-bearing  horizon  are  frequently  covered 
by  a  crystalline  deposit  of  quartz,  which  has  converted  them  into 
more  or  less  perfect  crystals,  indicates  extensive  chemical  action, 
in  which  water  has  performed  an  important  part.  Such  deposits 
can,  therefore,  only  be  regarded  as  precipitations  from  metal- 
liferous solutions  collected  and  transported  by  aqueous  agencies, 
either  from  the  rock  itself,  or  from  rocks  in  its  more  or  less 
immediate  neighbourhood. 

Class  II. 

Epactic  Deposits. 

This  class  of  deposits  is  distinguished  by  the  common  charac- 
teristic that  all  of  them  were  formed  subsequently  to  the  rocks 
in  which  they  are  encased,  so  that  the  rocks  surrounding,  or  on 
either  side  of  them,  are  older  than  the  deposits  themselves 
Hence  it  is  always  possible  to  meet  with  fragments  of  the 
encasing  rocks  in  the  deposit  itself,  an  impossibility  in  the  case 
of  symphytic  deposits.     Epactic  deposits  are  always  less  uniform 

1  For  description  of  various  crj-stalline  sandstones  see  pajDer  by  J.  A.  Phillips, 
Qxiart.  Jour.  Geol.  Soc,  xxxvii.  1881,  p.  (5. 
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in  their  mode  of  occurrence  and  less  regular  in  the  distributiou 
of  their  metallic  contents  than  are  those  of  the  former  class 
They  may  be  divided  according  to  their  forms  into  two  sub- 
classes, the  regular  or  tabular  deposits  which  may  be  geuerically 
spoken  of  as  veins,  and  into  irregular  deposits  which  have  no 
definite  shapes  and  are  of  very  varying  dimensions.  "With  the 
exception  of  iron  ore,  as  already  pointed  out,  the  larger  propor- 
tion of  metalliferous  minerals  is  derived  from  deposits  belonging 
to  this  class.  Fournet  has  remarked  with  regard  to  mineral 
veins  that  metals  having  become  of  the  first  necessity  to  man, 
he  would  naturally  attach  great  importance  to  metalliferous 
minerals  ;  and  that  it  is  to  the  study  of  their  various  modes  of 
occmTence,  and  of  their  relations  to  phenomena  affecting  the 
adjacent  rocks,  that  the  science  of  geology  owes  its  birth.  Certain 
is  it  that  these  deposits  have  very  long  been  carefully  studied, 
although  our  knowledge  of  them  is  still  very  imperfect,  and  it  is 
only  within  the  last  few  years  that  it  seems  to  have  been  partially 
placed  upon  a  scientific  basis. 

Sub-class  I.  Veixs. — This  division  is  characterised  by  being 
more  or  less  tabular  in  form,  that  is  to  say,  that  one  dimension  is 
very  much  less  than  the  two  others,  or  in  other  words  they  are 
thin  compared  to  their  extension  in  length  and  depth,  due  to  the 
fact  that  they  are  deposited  in  or  originate  from  fissures  or  planes 
of  disruption  or  of  weakness  in  the  rocks  in  which  they  occur. 
As  a  general  rule  the  sheets  which  they  form  are  distinguished 
from  beds  in  that  their  position  approximates  more  nearly  to  the 
vertical  than  to  the  horizontal.  Not  only  do  they  generally  thin 
out  or  split  up  as  they  run  out  towards  their  ends,  but  they  also 
exhibit  throughout  their  extent  considerable  irregularities  due  as 
well  to  unequal  breadth  as  to  difference  in  their  contents,  and 
changes  in  their  direction  and  inclination,  whilst  in  common 
with  the  rocks  in  which  they  occur,  they  are  subject  to  faulting 
similar  to  that  already  referred  to  under  the  head  of  symphytic 
deposits.  The  rock  in  which  a  vein  is  enclosed  is  called  the 
country  or  country  rock.  Those  portions  of  the  country  in  contact 
with  the  vein  are  known  as  its  walls  or  cheeks,  and  when  the  vein 
is  not  vertical  that  which  is  above  it,  is  its  hanging  wall,  while 
that  below  it  is  its/bo^  vjall.  The  horizontal  direction  of  a  vein 
is  called  its  strike  or  course,  while  its  greatest  inclination  to  the 
horizon  is  its  dip.  In  some  of  the  raining  districts  of  England  the 
inclination  of  a  vein  is  measured  by  its  hade  or  underlie,  or  angle 
of  variation  from  the  perpendicular,  as  in  the  case  of  beds. 

p  2 
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A  layer  or -sheet  of  argillaceous  material  often  extends  along 
one  or  other  or  both  of  the  walls  of  a  lode,  between  the  vein  itself 
and  the  enclosing  country  rock.  This,  which  mainly  consists  of  an 
unctuous  clay,  is  called  its  sehxige  or  Jiuccm,  in  America  gouge,  and 
is  sometimes  slickensided  or  scored  with  curved,  crooked,  and 
unconformable  striae. 

Bands  of  compact  siliceous  rock  often  occur  in  the  immediate 
vicinity  of  the  fissures  enclosing  mineral  veins,  and  more  frequently 
accompany  tin  ores  than  ores  of  copper.  This  hard  quartzose 
material  occasionally  contains  a  sufficient  amount  of  tin  to  repay 
the  expenses  of  working,  and  when  this  is  the  case  it  is  generally 
regarded  as  forming  part  of  the  lode.  When,  on  the  contrary,  it 
contains  no  tin  ore,  or  not  a  sufficient  amount  to  pay,  it  is  called 
ccqiel  by  Cornish  miners,  and  is  regarded  as  a  portion  of  the  country 
rock.  It  is  therefore  often  difficult  to  define  the  difference  between 
an  ordinary  tin  veinstone  and  a  tin  capel.  Microscopical  examin- 
ation of  thin  sections  of  capels  shows  that  they  are  often  mainl}^ 
composed  of  a  quartzose  base,  throughout  which  crystals  of  tour- 
maline are  thickly  disseminated.  Sometimes,  and  particularly 
when  they  occur  in  clay  slates,  capels  consist  principally  of  a 
mixture  of  quartz  and  chloi'ite.  In  other  cases,  both  tourmaline 
and  chlorite  are  present  in  the  same  capel,  together  with  innumer- 
able microscopic  fragments  of  almost  unaltered  country  rock. 
There  can  be  but  little  doubt  that  in  the  majority  of  cases  the 
capels  of  the  miner  are  the  result  of  extreme  metamorphism 
of  the  country,  produced  by  the  agency  of  solutions  from  which 
the  materials  forming  the  lode  itself  were  deposited.  The  replace- 
ment of  crystalline  and  other  rocks  by  quartzose  pseudomorphs 
has  been  observed  in  connection  with  metalliferous  veins  in 
various  parts  of  the  world. 

A  cross-course  or  cross-vein  is  a  vein  intersecting  another  of 
greater  geological  age  which  it  frequently  displaces  from  its 
original  course.  Cross-courses  are  sometimes,  but  not  always, 
metalliferous ;  while,  in  many  cases,  they  are  composed  either  of 
quartz  or  of  flucan.  Cross-courses  are  often  fissures  filled  with 
matter  introduced  by  purely  mechanical  means,  such  as  fragments 
of  the  wall-rock  from  above,  or  cMrris  produced  by  the  friction  of 
their  sides  one  against  another.  This  sliding  motion  of  one  side  of 
a  fault  over  the  other  causes  a  violent  trituration  of  the  walls,  and 
gives  rise  to  friction  surfaces  which  exhibit  smooth  and  sometimes 
even  polished  faces,  on  which  there  are  frequently  parallel  scratches 
or  furrows  indicatinsf  the  direction  in  which  the  motion  has  taken 
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place  (slickensides).  The  rubbing  together  of  the  surfaces  of  such 
dislocations  produces  a  line  powder,  which,  with  water,  ultimately 
becomes  transformed  into  a  soft  clay  or  flucan ;  the  origin  of  selvages 
as  well  as  of  many  cross-courses  may  be  often  thus  explained.  The 
horizontal  dislocation  of  a  lode  is  called  a  heave,  while  a  vertical 
displacement  is  known  as  a  slide  or  leap.  The  outcrop,  basset,  or 
baeic  of  a  vein  is  that  portion  of  it  which  appears  at  the  surface. 
The  direction  of  the  outcrojD  does  not  coincide  with  that  of  the 
strike  unless  the  vein  is  vertical  or  the  surface  of  the  ground 
horizontal,  precisely  as  in  the  corresponding  case  of  beds. 

Veins  are  exceedingly  variable  in  thickness,  some  having  a 
width  of  many  fathoms,  while  others  are  represented  by  the  filling 
of  the  most  minute  crack.  The  longitudinal  extent  of  veins,  like 
their  thickness,  is  very  variable  ;  but  as  a  rule,  the  widest  are  the 
most  persistent  both  in  length  and  in  depth.  Some  metalliferous 
veins  have  been  traced  for  a  distance  of  several  miles. 

Group  a.  Fissure  Veins. — These  are  known  by  many  dif- 
ferent names  in  various  English-speaking  mining  districts,  such 
as  true  veins,  lodes,  reefs,  ledges,  rake  veins,  right  veins,  &c.  A 
fissure  vein  may  be  defined  as  a  fissure  of  indefinite  length  and 
depth,  filled  or  associated  with  mineral  substances,  and  often 
containing  metalliferous  ores,  traversing  the  enclosing  rocks  in- 
dependently of  their  structure,  and  which  is  not  parallel  to  their 
foliation  or  stratification.  Veins  are  distinguished  from  dykes 
in  that  the  latter  are  intrusive  sheets  of  igneous  rock  that  appear 
to  have  forced  their  way  upwards  through  the  strata  in  a  state 
of  fusion,  from  which  they  have  subsequently  cooled  down  and 
their  mineral  constituents  (generally  non-metallic)  have  crystallised 
out.  Fisstire  veins  are  generally  admitted  to  have  originated  in 
fissures  or  dislocations  caused  by  extensive  movements  of  the 
earth's  crust,  and  are  therefore  believed  to  extend  indefinitely  in 
depth.  The  two  walls  of  a  vein  do  not  always  coincide  in  level, 
one  having  often  risen  or  sunk,  as  compared  with  the  other;  so 
that  the  vein  fissure  is  frequently  at  the  same  time  a  fault. 

Fig.  15  is  an  ideal  transverse  section  of  a  true  or  fissure  vein 
pursuing  its  course  across  the  planes  of  bedding,  although  cutting 
through  them  at  a  veiy  acute  angle.  A  true  vein  may  at  some 
part  of  its  course  coincide  with  the  dip  of  the  strata,  or  it  may 
even  send  out  sjDurs  or  branches  following  the  lines  of  dip  or 
cleavage,  as  shown  in  the  figure.  In  studying  the  genesis  of  true 
mineral  veins,  connected  as  these  always  are  with  a  fissure,  it  is 
necessary  to  examine  separately  the   mode  in   Avhich  the   fissure 
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was  originally  formed,  and  that  in   which  it  subsequently  came 
to  be  filled  with  mineral  matter. 

The  walls  of  metalliferous  veins  ^  are  seldom  parallel  to  one 
another  for  any  considerable  distance,  and  their  width  conse- 
quently varies  in  different  parts.  This  wdll  be  understood  when 
it  is  remembered  that  the  original  fissure,  which  often  passes 
through  rocks  of  different  degrees  of  hardness,  never  follows  an 
absolute  plane,  and  consequently  that  any  movement  of  one  of 
its  sides  must  necessarily  result  in  an  opening  of  unequal  widths. 
This  will  be  clearly  seen  on  referring  to  the  annexed  illustrations, 
in  which  Fig.  16  represents  a  line  of  fracture,  a  li,  traversing  the 
country  rock,  horizontally.  In  Fig.  17,  a  b  is  the  same  fissure, 
and  if  we  were  now  to  divide  the  paper  by  cutting  it  into  two 
parts  along  this  line,  and  to  slide  the  lower  portion  from  a  to 
a',  its  upper  and  lower  edges  w^ould  meet  at  the  points  o,  leaving 


Fig.  15. — True  vein  a,  sending  out  a  branch  6,  corresponding  with  hedding. 


an  irregular  opening  at  c  and  lenticular  spaces  at  d.  If  instead 
of  sliding  the  lower  portion  of  the  divided  paper  to  the  right 
hand,  we  move  it  towards  the  left,  as  in  Fig.  18,  for  about  the 
same  distance  as  it  was  previously  moved  to  the  right,  we  obtain 
two  lenticular  spaces  c,  and  an  irregular  opening  d.  The  fore- 
going examples  serve  to  show  to  what  slight  circumstances  con- 
siderable variations  in  the  character  of  an  opening  between  the 
uneven  surfaces  of  a  fissure  may  be  due,  and  explain  one  of  the 
most  frequent  causes  of  the  inequality  observed  in  the  width  of 
mineral  veins. 

The  elevation  or  depression  of  one  of  the  sides  of  a  more  or 
less  undulating  fissure  will  necessarily  give  rise  to  similar  results, 
and  by  this  means  irregularities  in  width  will  be  produced  similar 

^  AVheu  the  word  vein  is  used  without  qualification,  a  true  vein  is  meant. 
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'  to  those  caused  by  horizontal  movements  of  the  country  rock.  In 
order  better  to  understand  this  we  may  regard  the  foregoing  dia- 
grams as  representing  a  fissure  in  transverse  instead  of  in\ori- 
zontal  section. 

It  is  worth  mentioning  that  this  vicAv  seems  to  have  been  first 
put  forward  by  John  Leithart,i  who  says  :— "  If  the  fissures  have 
a  uniform  inclination,  then  there  will  be  formed  between  their 
sides  chasms  of  uniform  width,  ....  but  if  the  vertical  course 
of  the  fissures  be  inflected,  then  will  an  irregularly  formed  cavity 
be  produced  between  the  sides  of  the  fissures,  the  cavities  being 


Fig.  it. 


Fig.  is. 
Opening  of  fissures  ;  after  De  la  Beche.2 


much  larger  in  those  parts  that  have   the   greatest  inclination." 
He  illustrates  his  arguments  very  clearly  by  means  of  diagrams. 

Modes  of  Occurrence. — Among  all  the  various  forms  in  which 
metalliferous  deposits  arc  known  to  occur,  true  veins  may  be 
regarded  as  among  the  most  important,  since  they  are  not  only 
the  usual  source  of  many  of  the  more  valuable  metals,  but  they 
also,  from  their  persistency  and  comparative  regularity,  afford 
scope  for  systematic  and  continuous  workings. 

As  a  general  rule,  lodes  are  associated  in  clusters  approxi- 
mately parallel  to  one  another,  thus  forming  groups,  which  some- 
times traverse  the  same  district  in  different  directions.  An  exam- 
ination of  the  intersection  or  displacement  of  different  veins  at  the 
points  where  they  are  divided  either  by  cross-veins  or  by  one 
another,  shows  that  some  of  them  are  older  than  others ; 
and  thus,  by  observing  which  of  them,  resiDCctively,  cross  others 

^  J.    Leithart,    Practical   Ohstvvations   on   Mineral    Veins,   Newcastle,    1838, 
p.  12. 

-  Geoloyical  Rej)ort  on  Cormvall,  &c.,  1839,  p.  317. 


72  ORE    DEPOSITS  part  i 

or  are  crossed  by  others,  their  relative  ages  may  be  determined. 
In  this  way  Mr,  Carne  Avas  enabled,  many  years  ago,  to  divide  the 
veins  of  Cornwall  into  eight  distinct  groups  according  to  their 
relative  ages.  The  most  manifest  division,  however,  of  Cornish 
veins  is  into  those  running  east  and  west,  usually  yielding  tin  and 
copper  ores,  and  lodes  of  which  the  direction  is  nearly  north  and 
south,  commonly  producing  ores  of  lead. 

Metalliferous  veins  are  of  more  frequent  occurrence  in  the  older 
rocks  than  in  the  more  recent,  and  the  ores  of  certain  metals  are 
to  a  large  extent  confined  to  particular  groups  of  rock.  Lodes  are 
most  frequently  found  in  districts  where  sedimentary  beds  have 
been  penetrated  by  porphyries  and  other  igneous  rocks,  and  they 
are  consequently  more  abundant  in  mountainous  countries  than 
in  plains.  Igneous  rocks  thus  penetrating  sedimentary  beds  are, 
as  well  as  the  beds  themselves,  frequently  traversed  by  ore-bearing 
veins.  Lodes  are  also  often  more  productive  in  the  vicinity  of  the 
junction  of  dissimilar  rocks  than  elsewhere.  This  is  particularly 
observed  in  Cornwall,  where  veins  of  tinstone  and  copper  ore  occur 
both  in  granite  and  Jcillas  or  clay  slate,  but  they  are  seldom  found 
to  be  productive  at  any  considerable  distance  from  the  junction  of 
the  two  rocks. 

The  dip  of  metalliferous  veins  usually  approaches  more  nearly 
to  the  vertical  than  to  the  horizontal.  In  the  north  of  England 
their  inclination  from  the  vertical  rarely  amounts  to  more  than  10°, 
while  although  averaging  more  than  this  in  the  mining  districts  of 
Cornwall,  their  mean  inclination  may  bo  taken  at  about  20°  from 
the  vertical  or  70°  from  the  horizontal.  The  same  lodes,  within 
short  distances,  often  vary  considerably  in  direction,  width,  and 
dip,  and  they  frequently  split  or  divide  into  branches  both  in 
length  and  in  depth  ;  these  branches  may  or  may  not  again  unite. 
If,  as  in  Fig,  19,  a  lode  a  encloses  a  mass  of  the  country  rock,  the 
included  fragment  h  is  called  a  horse  or  'rider. 

The  dip  of  a  lode  is  not  always  continuously  in  the  same 
direction  throughout  its  downward  course,  but,  on  the  contrary, 
it  sometimes  becomes  gradually  vertical,  and  finally  turns  over, 
assuming  an  inclination  in  a  direction  exactly  contrary  to  that 
with  which  it  originally  started  from  the  surface.  Numerous 
examples  of  veins  varying  greatly  in  their  dip,  were  afforded  by 
the  Fowey  Consols  Mines,  Cornwall,  where  some  of  the  lodes 
divided,  in  depth,  into  two  parts,  apparently  without  again  coming 
together,  while  few  of  the  intersections,  or  junctions  of  one  lode 
with  another,  were  attended  by  any  displacement  of  either  of  them. 
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Intersections  and  Faults. — It   sometimes  liaispens    that  veins 
meet  one  another  without  intersection  or  displacement ;  in  such 


Fig.  19.— Horse,  or  rider. 


cases  it  is  often  assumed  that  the  fissures  are  of  the  same  age, 
and  that  they  were  contemporaneously  filled  with  veinstone  or 
ore.     When  veins   meet  at  a  very  acute  angle,  they  occasionally 


Fig.  20. — Diverging  veins 


run  parallel  to  one  another  for  a  considerable  distance  and  sub- 
sequently diverge,  as  seen  in  Fig.  20.  In  other  instances,  after 
running  parallel  to  one  another  for  a  greater  or  less    distance 


Fig.  21. — Veins  crossing  without  displacement. 

they  ultimately  cross,  the  newer  vein  passing  through  the  older 
one  as  shown  in  Fig,  21.  When  a  vein  is  intersected  by  a  fissure, 
or  by  another  vein  of  more  recent  age  than  itself,  a  fault  or  dis- 
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placement  is  often  the  result,  in  Avhicli  case  the  plane  of  the  older 
vein  on  one  side  of  the  line  of  fault  no  longer  coincides  with  its 
extension  on  the  other  side  as  shown  in  Fig.  22,  in  which  a 
represents  the  dislocated  vein  and  c  the  fissure  or  vein  by  which 
it  has  been  intersected. 

It  very  frequently  happens  that  a  vein  fissure  is  itself  a  fault, 
and  in  such  cases  the  difference  of  level  which  occurs  between 
similar  strata  on  its  opposite  sides,  is  often  called  the  throw  of 
the  vein.  As  a  general  rule  this  throw  is  but  small ;  fault 
fissures,  that  have  produced  a  very  great  throw  of  the  strata,  are 
but  rarely  filled  with  metalliferous  minerals  or  converted  into 
veins.  The  amount  of  throw,  however,  in  some  of  the  lead  veins 
of  the  north  of  England  is  as  much  as  160  feet. 

All  faults  have  been  produced  by  a  sliding  of  the  country 
rock  on  one,   or  on   both,   sides  of  the   fissure  along  which  the 


if 

a 

Fig.  22. — Vein  displaced  by  a  cross-course. 


movement  has  taken  place.  This  may  often  be  explained  by  a 
slipping  down  of  its  hanging  wall  u]Don  its  foot-wall  in  the 
direction  of  its  dip ;  sometimes,  however,  the  country  on  the 
hanging  wall  side  may  either  have  been  forced  upwards,  or  the 
two  walls  may  have  experienced  unequal  or  contrary  movements 
as  in  the  corresponding  cases  of  beds  {see  page  16).  In  other 
cases  the  walls  may  have  also  experienced  horizontal  displace- 
ment. 

The  extent  of  the  horizontal  displacement  of  a  lode  by  the 
sinking  or  rising  of  the  country  on  one  side  of  a  fault,  depends 
not  only  on  the  amount  of  dislocation  it  has  experienced,  but 
also  on  the  angle  which  the  direction  of  motion  makes  with  the 
plane  of  the  vein  intersected.  When  this  angle  equals  zero  the 
effects,  horizontally,  of  the  fault  will  be  imperceptible,  and  can 
only  be  recognised  by  similar  portions  of  the  intersected  vein 
being  found  at  different  altitudes. 

Complicated  cases  of  faulting  can  only  be  understood  after  the 
position  of  the  planes  of  the  dislocated  lodes  has  been  exactly 
determined,   and  it  has  also  been  ascertained  along  which  of  the 
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various  fissures  displacement  has  taken  place,  as  well  as  the 
direction  of  the  several  movements.^ 

The  parallel  lodes  a  h,  Fig.  23,  seen  in  horizontal  section,  are 
aj^parently  heaved  in  contrary  directions  by  the  more  recent 
vein  c.  This  will  be  understood  when  it  is  remembered  that  the 
two  lodes  dip  towards  one  another,  and  that  any  elevation  of  the 
country  on  the  upper  side  A,  of  the  cross-vein  c,  or  any  depression 
of  the  rocks  on  the  lower  side  B,  would  produce  the  effect  observed. 
It  is  further  obvious  that,  in  the  case  of  lodes  dipping  in  contrary 
directions,  the  results  of  an  elevation  or  depression  of  the  country 
on  either  side  of  the  fault  will  be  different  to  those  produced  by 
similar  movements  on  lodes  dipping  towards  one  another. 

When   a  country  is  ti-aversed  by  fissures,  crossing  and  dip- 


l 

Fig.  23.— Veins,  dipping  towards  one  another,  displaced  by  a  cross-course. 

ping  in  different  directions,  great  care  is  often  required  in  order 
to  understand  the  relative  positions  of  the  several  parts  after 
having  been  disturbed  by  faults,  and  when  the  surface  has  been 
subsequently  ground  down  by  erosion  to  an  approximately  common 
level.  As  an  illustration  let  us  suppose  Fig.  24,  after  De  la  Beche,- 
to  represent  such  a  case,  a  h  being  the  present  level  of  the  country, 
and  h^,  Ir,  W",  h*,  and  h""  representing  so  many  different  veins. 
Let  this  country  be  dislocated  along  the  plane  of  the  section  so 
that  a  h'  on  the  side  B  is  lifted  vertically  above  a  h  on  the 
side  A,  or,  what  amounts  to  the  same  thing,  the  side  A  has 
sunk  the  same  distance  below  the  level  of  a'  V .  It  will  be  seen 
that  although  the  amount  of  vertical  elevation  has  been  common 
to  all  of  the  lodes,  they  now  occupy  on  the  surface  «  h  very 
different  positions  and  distances  from  one  another  than  they  did 

1  Those  specially  interested  in  this  subiect  should  consult  S.  C.  L.  Schmidt, 
Theorie.  der  Verschiebiingen  alterer  Gauge,  Frankfurt,  1810.  C.  Zimmerman,  Die 
Wiederausrichtung  certoorfener  Gunge,  Lager,  mul  Flotze,  Darmstadt,  1828. 
R.  V.  Carnall,  Karsfen's  Archie,  ix.  1832,  p.  3.  C.  Combes,  Traite  de  r Exploi- 
tation des  Mines,  Paris,  1844.  A  very  complete  bibliography  of  the  subject  will 
be  found  in  a  paper  on  fault  rules  by  F.  T.  Freeland,  Tmm.  Amer.  Inst.  Jlin.  Eng., 
xxi.  1892,  p.  491. 

-  Geological  Beporf  on  Cornvcdl,  &.c. ,  p.  298. 
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originally,  accordiug  to  the  various  dips  intersected  by  the  line  of 
surface.  This  becomes  still  more  evident  on  referring  to  the  plan, 
Fig.  25,  supposed  to  be  taken  at  a  h  after  the  country  on  the  side 
B  had  been  removed  by  denudation  to  the  same  level.  The 
letters  and  figures  of  reference  correspond  in  plan  and  section, 
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Fig.  24.— Effects  of  a  fault  on  veins  with  different  dips ;  section. 

and  it  will  be  found  on  comparing  the  two  that  the  veins  l^,  W, 
and  1?  are  shifted  to  the  right,  on  the  side  of  the  dislocation 
marked  B,  while  V^  and  l^  are  moved  to  the  left ;  the  branch  l^  on 
the  other  hand,  which  does  not  reach  the  surface  on  the  side  A, 
appears  on  the  side  B  at  the  level  a  h. 

As  in  the  case  of  beds,  a  geometrical  rule  can  be  given   for 
determining  the  direction  of  horizontal  displacement,  caused,  be  it 
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Fig.  25. — Efl'ects  of  a  fault  on  veins  with  ditferent  dips    plan. 


remembered,  by  vertical  throw  in  a  diagonal  direction,  when  the 
dip  and  strike  of  the  vein  and  of  the  fault  plane  respectively  are 
known.  The  same  general  rule  holds  good  that  the  side  of  the 
country,  and  with  it  of  the  vein  that  is  on  the  hanging  wall  side 
of  the  fault,  has  been  thrown  down  relatively  to  the  other  side, 
and  as  the  direction  of  the  horizontal  displacement  dejDends  on 
that  of  the  vertical  throw,  a  geometrical  law  can  be  stated,  which, 
as  in  the  corresponding  case  of  beds,  holds  for  the  vast  majority 
of  instances.     The   following  is  in  substance   Zimmerman's  rule, 
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stated  however  in  a  slightly  different  and  perhaps  simpler  form  : 
If  in  driving  a  level  along  a  vein  a  fault  be  met  with  it  will 
be  necessary  to  set  out  in  plan  the  level,  the  strike  of  the  fault  on 
that  level,  and  the  line  of  intersection  of  the  planes  of  the  vein 
and  fault.  Then  the  heaved  part  of  the  vein  should  be  looked 
for  on  that  side  on  Avhich  the  plan  of  the  intersection  makes  the 
largest  angle  with  the  plan  of  the  fault. 

In  Fig,  26  let  AB  be  the  plan  of  a  level  that  is  being  driven 
along  a  vein  dipping  75°  as  shoAvn,  the  level  proceeding  in  the 
direction  AB.  At  5  a  fault  striking  in  the  direction  CC,  and 
dipping  50°  as  shown,  is  met  with.  It  is  required  to  know 
whether  it  will  be  necessary  to  drive  to  the  right  hand  or  to  the 
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Fig.  26. — Plan  of  intersection  of  vein  and  fault. 


left  to  find  the  heaved  portion  of  the  lode.  Determine  by 
construction  a  point  D  on  the  intersection  of  the  fault  and  lode 
at  any  convenient  level  below  the  plane  ABC.  Join  BB,  and 
produce  it  both  ways  to  B'B' ;  then  B'B'  is  the  plan  of  the 
intersection,  and  as  the  angle  B'BG  is  larger  than  B'BC,  the 
heaved  portion  of  the  lode  may  be  expected  to  lie  towards  C,  as 
for  instance  at  EF.  This  would  be  called  a  left-handed  heave, 
and  it  will  be  noted  that  in  whichever  direction  the  fault  be 
approached,  whether  in  that  of  AB  or  of  FE,  the  heave  will  always 
be  to  the  left.  A  heave  in  the  opposite  direction  would  similarly 
be  called  a  right-handed  heave.  It  will  easily  be  seen  that 
if  either  the   vein   or  the   fault  plane  had  been  dipping  in  the 
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opposite  direction  to  those  shown,  the  heave  would  have  been  a 
right-handed  one,  excejit  in  the  rare  cases  of  overlap  faults.  In 
Figs.  27  to  30  four  cases  of  faulting  are  shown  in  vertical  cross- 
section.  In  these  the  strikes  of  the  vein  and  of  the  fault  are 
parallel  instead  of  crossing  each  other.  A  level  driven  on  these 
veins  would  never  meet  the  fault,  which  w^ould  only  be  crossed  in 
sinking.  Hence  Zimmerman's  rule  does  not  apply,  and  the 
ordinary  rules  of  bed  faulting  have  to  be  used.  In  Fig.  27  the 
dips  of  fault  and  vein  are  in  contrary  directions,  and  in  Fig.  28 


Fig.  2'J. 


Slides  or  leaps. 


Fig.  30. 


in  the  same  direction,  these  both  being  normal  faults  as  above 
defined,  i.e.  faults  in  which  the  hanging  wall  side  of  the  fault  has 
moved  downwards  relatively  to  its  foot-wall  side;  it  will  be  seen 
that  as  the  result  of  this  movement  there  is  a  space  in  the 
direction  of  the  movement,  between  the  divided  portions  of  the 
vein,  from  which  the  vein  has  slipped  away  as  it  were,  and  which 
space  if  projected  on  a  horizontal  plane  would  represent  a  sterile 
area,  tho  width  of  which  will  vary  with  the  amount  of  displace- 
ment. In  Figs.  29  and  80  a  reverse  or  overlap  fault  is  shown  in 
which  the  hanging  wall  of  the  fault  has  moved  upwards  relatively 
to  the  foot-wall ;  the  result,  as  in  the  similar  case  of  beds,  being 
that  the  vein  overlaps  itself,  and  a  horizontal  projection  would 
show  two  veins  superimposed  over  a  certain  space  the  width  of 
which  depends  upon  the  amount  of  dislocation.  In  Fig.  30  the 
dips  of  fault  and  vein  are  in  the  same,  in  Fig.  29  in  opposite 
directions.  It  cannot  be  too  clearly  understood  that  the  move- 
ments that  have  caused  faulting,  whether  of  beds  or  of  veins,  are 
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identical  in  every  respect,  and  that  the  effects  upon  the  deposits 
are  only  different  inasmuch  as  the  angles  of  inclination  of  these 
two  classes  of  deposits  are  apt  to  differ.  A  steep-lying  bed  is 
affected  like  a  vein,  and  a  flat-lying  vein  like  a  bed,  and  the 
proper  rules  must  therefore  be  applied  with  this  consideration. 
In  all  doubtful  cases  the  leading  principle  must  be  borne  in 
mind,  that  the  hanging  wall  side  of  the  fault  has,  in  at  least 
nine  cases  out  of  ten,  moved  dosvnwards  relatively  to  the  foot- 
wall  side. 

When  the  throw  has  been  produced  by  a  fissure,  of  which  the 
position  is  exactly  vertical,  the  direction  in  which  the  movement 
has  taken  place  can  only  be  determined  after  a  careful  study  of  the 
sequence  of  the  rocks  on  both  the  hanging  and  foot-walls  of  the 
lode,  and  their  correlation  with  the  same  rocks  where  visible  in 
undisturbed  ground. 

It  has  been  already  stated  that  the  relative  ages  of  veins  and 
systems   of  veins  in   districts  where  they  cross  one  another,  may 
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be  ascertained  by  observing  which  of  them  intersect  others,  or  are 
severally  intersected  by  others  ;  and  that  the  intersection  of  a  vein 
by  another  of  more  recent  date  is  often  attended  by  a  displacement 
or  heave  of  the  former.  In  comparatively  rare  cases,  however,  the 
more  recent  vein  appears  to  have  been  displaced  by  the  older  one, 
although  this  is  not  in  reality  the  case. 

The  more  recent  vein  a  in  Fig.  31  Avould  appear  to  have  been 
displaced  by  the  older  one  &,  which  it  finally  intersects.  The  true 
explanation  of  this  phenomenon  is,  however,  that  the  fissure  of  the 
vein  a,  following  the  lines  of  least  resistance,  has  taken  its  course 
for  some  distance  along  one  of  the  walls  of  the  older  vein  h,  and 
has  then  crossed  it,  without  causing  any  horizontal  displacement. 

Instead  of  forming  an  angle  and  following  one  of  the  walls  of 
an  older  vein,  the  newer  one  occasionally,  although  still  more 
exceptionally,  enters  the  older  vein  by  a  fissure  not  extending 
directly  across  it,  but  communicating  with  longitudinal  cracks 
along  the  axis  of  the  vein  itself,  which  subsequently  unite  with  a 
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fissure  traversing  the  country  on  the  opposite  side.  Fig.  32 
represents  a  case  of  this  kind,  where  the  more  recent  vein  a, 
enclosed  in  the  older  one,  follows  for  a  short  distance  the  course 
of  the  vein  h,  by  which  it  would  at  first  sight  appear  to  have  been 
displaced. 

When  a  vein  fissure  becomes  somewhat  abruptly  contracted  so 
as  to  be  represented  by  a  mere  crack  in  the  country,  the  lode  is 
said  to  be  nipiocd.  Branches  which  leave  a  main  lode  and  fall 
away  into  the  country  rock  are  called  droppers,  while  those  which, 
on  the  contrary,  fall  into  the  lode  from  the  surrounding  rock  are 
known  as  feeders.  The  character  and  direction  of  these  offsets 
from  a  vein  are  carefully  Avatched  by  the  practical  miner,  who, 
from  their  general  appearance  and  position,  often  forms  his  opinion 
with  regard  to  the  portions  likely  to  yield  the  largest  amounts 
of  ore. 

Mode  of  Formation  of  Fissures. — It  cannot  be  said  that  we 
have  to-day  any  certain  knowledge  concerning  the  mode  in  which 


Fig.  3-2. 
Veins  aiiiiarcntly  displaced  by  older  ones. 

the  fissures,  which  by  subsequent  mineralisation  have  produced 
our  metalliferous  veins,  have  been  formed.  Modern  geological 
research  aj)pears  to  indicate  that  their  probable  cause  has  been 
the  gradual  contraction  through  cooling  of  the  fluid  or  semi-fluid 
nuclean  portion  of  the  globe.  The  solid  and  more  or  less  brittle 
envelope  of  rocks  that  constitute  the  crust  of  the  earth,  being 
compelled  by  the  action  of  gravity  to  adjust  itself  to  this  con- 
tracting nucleus,  and  being  thrust  into  a  superficial  area  less  than 
that  which  it  previously  occupied,  would  be  thrown  into  folds  and 
rugosities,  whilst  owing  to  the  brittleness  of  the  strata,  even  the 
slowest  of  such  movements  would  be  attended  Avith  a  certain 
amount  of  Assuring,  which  obviously  would  be  likely  to  follow  a 
direction  parallel  to  that  of  the  plications,  whilst  faults  and  over- 
thrusts  might  result  at  the  same  time.  Such  contractions  causing 
the  violent  thrusting  downwards  of  solid  rock  masses  would 
probably  exert  heavy  pressure  on  any  molten  rocky  matter  that 
might  be  met  with,  producing  eruptions  of  the  latter  either  along 
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the  fissures  thus  formed  or  through  any  other  planes  of  weakness, 
and  the  expulsion  of  this  molten  matter  would  thus  produce 
empty  spaces  that  would  have  to  be  filled  and  thus  afford  room 
for  further  movements.  It  is  also  possible  that  the  pressure 
produced  and  heat  generated  by  these  dynamic  movements  might 
melt  some  of  the  deeper  seated  rocks  and  thus  further  assist  such 
movement.  At  any  rate  the  downward  pressure  of  the  crust  as 
it  fits  itself  to  the  shrinking  nucleus  must  set  up  enormous  com- 
pressive strains  in  the  rocks  of  the  earth's  crust,  whilst  the 
irregularity  of  the  movement  must  cause  great  torsional  stresses. 
To  the  mechanical  action  of  these  two  forces,  compression  and 
torsion,  it  is  probable  that  most  of  the  fissures  in  the  earth's  crust 
are  due.     Daubree/  who  has  given  much  study  to  this  question, 


Fig.  33. — Plan  of  Devon  and  Cornwall,  showing  four  main  Assure  systems. 


has  shown  experimentally  that  a  torsional  strain  set  up  in  an 
elastic  yet  brittle  homogeneous  body  such  as  a  sheet  of  glass,  will 
produce  two  systems  of  fracture  at  right  angles  approximately  to 
each  other,  and  refers  the  S3^stems  of  cross  fissure  veins,  that 
characterise  most  mining  districts  in  which  vein  mining  is  actively 
carried  on,  to  the  action  of  such  forces.  Cornwall  offers  an 
excellent  example  of  such  a  system  of  fissures  approximately  afr 
right  angles  to  each  other.  This  may  be  clearly  seen  in  the 
generalised  plan  of  Devon  and  Cornwall,  Fig.  33,  copied  from 
De  la  Beche.^ 

Daubree's  experiments,  which  have  recently  been  repeated  by 

^  j^tudes  Synthetiques  de  Gdologie  Experimentcde,  A.  Daubree,  1879,  p.  307. 
-  H.  T.  Dc  la  Beche,  Bejiort  on  the  Geology  ofCormcaU,  &c.,  p.  309. 
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G.  F,  Becker,^  show  clearly  that  torsional  strains  tend  to  produce 
two  sets  of  approximately  parallel  fractures,  each  at  angles  of  45° 
to  the  axis  of  torsion,  and  therefore  at  right  angles  to  each  other, 
the  tendency  to  form  a  right  angle  being  however  liable  to  dis- 
turbance by  several  attendant  circumstances  (Daubree,  loc.  cit.), 
such  as  want  of  homogeneity  in  the  substance  experimented  on 
and  the  unequal  manner  in  which  pressure  acts  upon  apparently 
similar  portions.  In  either  case  one  of  the  two  systems  of  fissures 
may  greatly  predominate.  Mr.  Becker  holds  that  the  angle 
between  the  two  series  of  fissures  depends  on  the  amount  of 
distortion  that  may  have  preceded  rupture  ;  in  a  brittle  substance, 
which  is  fractured  before  it  has  been  deformed  to  any  considerable 
extent,  the  two  series  of  fissures  will  cross  at  right  angles,  whilst 
if  circumstances  prevent  the  Assuring  from  taking  place  until 
deformation  has  reached  an  extreme  .limit,  the  angle  between  the 
direction  of  the  force  and  that  of  the  fracture  may  be  50°  or  even 
60°,  large  angles  always  appearing  to  mean  great  preliminary 
deformation.  One  of  Daubree's  most  important  observations  is 
the  fact  that,  whilst  some  of  the  fissures  continue  right  across  the 
glass  plate,  others,  which  cross  the  former,  are  so  to  speak  deflected 
by  them,  so  that  instead  of  forming  a  continuous  fracture  they 
present  a  series  of  short  discontinuous  parallel  ones,  crossing  the 
former  series  and  making  with  them  a  series  of  steps  or  zigzags. 
Although  these  two  systems  must  have  been  produced  within  a 
very  brief  period,  the  above  deviation  might  lead  to  the  supposition 
that  the  interrupted  fissures  were  formed  subsequently  to  the 
continuous  ones.  Whence  it  would  appear  that  fractures,  which 
geologists  would  call  contemporaneous,  can  present  the  appearance 
of  having  been  produced  at  different  periods ;  and  moreover  that, 
contrary  to  the  generally  received  opinion,  the  more  recent  frac- 
ture has  undergone  a  dislocation  caused  by  the  older  one  (c/. 
pages  71,  79). 

Daubree  has  also  studied  experimentally  the  effects  of  pressure, 
and  has  shown  that  a  prismatic  block  of  semiplastic  material  (a) 
subjected  to  vertical  pressure  A  tends  to  split  along,  plane  F  inclined 
at  about  45°  to  the  direction  of  the  pressure;  a  triangular  prism, 
which  was  faulted  to  a  considerable  extent,  being  split  off,  and  the 
throw  of  the  fault  being  normal.  Other  planes  of  fracture  f  at 
right  angles  to  the  main  one  are  also  produced  {sec  Fig.  34,  repro- 
duced from  Daubree).     It  is  most  important  to  note  that,  besides 

1  Trans.  Amer.  Inst.   Min.  Eng.,   "The  Torsional  Theory  of  Joints,"  xxiv. 
1894,  p.  130. 
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the  principal  fractures  F,  a  series  of  very  numerous  fine  rectilinear 
and  parallel  fissures  R  are  shown  on  each  face  of  the  prism,  which 
has  undergone  slight  deformation;  these  fissures  are  extremely 
thin,  many  of  them  appearing  as  mere  strias,  but  very  sharply 
defined.  They  form  a  very  close  network,  there  being  sixty  to 
seventy  in  either  direction  in  a  space  of  90  to  120  millimetres 
(3'5   to   4'7  inches),    whilst  microscopic   examination  shows    still 


Fig.  34. — Fissures  produced  by  pressure ;  after  Daubree. 


finer  striae  between  the  well-marked  fissures.  The  mass  thus 
fissured  is  thereby  rendered  cleavable. 

The  same  author  has  also  shown  that  horizontal  pressure  is 
equally  capable  of  producing  faults,  it  being  noteworthy  that  all 
the  faults  which  he  figures  as  having  been  produced  in  this  way 
show  reversed  throw,  or  are  overlap  faults. 

It  can  hardly  be  doubted  that  these  forms  of  strain,  namely, 
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torsional  or  rotary,  horizontal  and  vertical,  must  be  produced  in 
the  earth's  crust  by  the  dynamic  movements  of  the  latter,  and 
though  most  phenomena  are  probably  due  to  their  simultaneous 
action,  it  is  quite  possible  that  under  certain  circumstances,  one  or 
other  would  predominate,  and  that  the  above  experiments  may 
fairly  be  taken  as  indications  of  the  way  in  which  fissures  and 
faults  have  been  produced. 

The  faulting  that  so  often  takes  place  along  fissure  planes  is 
therefore  in  all  probability  a  continuation  of  the  dynamic  action 
that  produced  the  fissures,  or  else  is  a  complex  phenomenon  such  as 
the  resultant  of  a  shearing  strain  produced  by  the  vertical  thrusts 
to  which  the  rock  masses  were  subjected  perhaps  after  being 
fissured  by  torsional  strains. 

Many  lines  of  faulting  are  in  places  mineralised  and  then  form 
true  fissure  veins,  A  good  examjDle  is  the  great  fault  of  Healey 
Weld  in  Durham,  some  two  miles  long,  along  which  numerous 
lead  mines  are  situated. 

The  depth  to  which  such  a  jalane  of  fracture  can  extend  is 
difiicult  to  estimate.  Heim  placed  it  at  about  15,000  feet.  It 
is  certainly  far  deeper  than  any  portion  of  the  earth's  crust  that 
has  been  or  is  ever  likely  to  be  reached  by  mining  operations.  It 
is  not  possible  that  planes  of  fracture  can  permanently  extend  to 
depths  at  Avhich  rocks  are  in  a  plastic  state,  for  any  fissures  formed 
under  such  conditions  would  at  once  be  reunited.  Whilst  gaping 
fissures  of  considerable  width  are  known  to  exist  and  can  of 
course  remain  open  in  the  superficial  portions  of  the  earth's 
crust,  the  pressure  at  great  depths  below  the  surface  would 
prevent  such  fissures  from  remaining  open,  if  even  they  could 
form  at  all. 

It  would  appear  that  in  the  geological  history  of  the  earth, 
there  have  been  alternate  periods  of  marked  dynamic  movements 
and  of  absolute  or  comparative  freedom  from  such  disturbances. 
The  shrinkage  of  the  heated  nucleus  must  be  continuous,  but 
probably  this  shrinkage  will  need  to  continue  for  a  considerable 
period,  before  the  forces  thereby  called  into  existence  can  acquire 
sufficient  intensity  to  produce  movements  of  the  importance  that 
we  have  been  considering  over  great  areas  and  in  enormous  rock 
masses.  It  would  still  seem  to  be  doubtful  how  far  earthquakes 
can  be  considered  to  be  due  to  such  shatterings  and  dislocations 
of  the  earth's  crust,  although  most  geologists  appear  inclined  to 
regard  them  in  that  light. 

Other  fissures  of  lesser  magnitude  than  these  fracture  planes 
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may  either  have  been  formed  like  them,  as  already  pointed  out, 
or  else  may  be  due  to  contraction,  caused  it  may  be  by  the  cooling 
of  a  mass  of  rock,  of  igneous  rock  more  especially,  as  it  gradually 
approaches  the  outer  surface  of  the  earth's  crust,  whether  by 
upheaval  or  by  the  denudation  of  superincumbent  strata.  Con- 
traction fissures  may  also  have  been  caused  by  the  drying  or  de- 
hydration of  a  bed  of  rock.  Contraction  fissures,  however  caused, 
may  be  expected  to  be  less  extensive  than  dynamic  fissures.  Such 
joints  seem  to  be  especially  common  in  limestones.  Obviously  in 
rocks,  which  like  limestones  and  dolomites,  are  soluble  with  com- 
parative readiness  in  water  containing  carbonic  acid,  any  fissures, 
however  formed,  will  very  readily  be  enlarged  by  the  erosion  of 
their  walls  by  the  water  circulating  through  the  fissures,  and 
joints  that  might  be  so  fine  as  to  escape  notice  in  less  soluble 
rocks,  would  thus  assume  considerable  importance  in  these  more 
readily  soluble  strata. 

Structure  of  Veins  and  Convposition  of  Veinstones. — Speaking 
generally,  the  larger  proportion  of  every  vein  fissure  is  occupied 
by  gangue  or  veinstone,  these  being  the  terms  applied  to  the  non- 
metalliferous  portions  which  almost  invariably  accompany  ores  of 
the  valuable  metals  in  a  vein  or  lode. 

The  most  constantly  occurring  substance  in  veinstones  is 
quartz,  which  is  probably  present  to  some  extent  in  all  mineral 
veins.  This  quartz  is  usually  either  crystalline  or  crypto-crystal- 
line  and  contains  numerous  fluid  cavities;  it  is  sometimes  also 
concretionary.  Beautiful  specimens  of  crystallised  quartz  are 
obtained  from  the  druses,  or  vughs,  which  are  frequently  met 
with  in  veins.  After  quartz,  carbonate  of  lime  is  the  mineral 
which  most  frequently  forms  one  of  the  constituents  of  vein- 
stones; it  is  commonly  crystalline,  and  often  passes  into  brown 
spar  or  dolomite.  Fluor  spar  and  heavy  spar  are  also  minerals 
which  frequently  occur  in  veinstones.  In  many  cases  these, 
either  singly  or  together,  constitute  for  considerable  spaces  the 
entire  filling  of  vein  fissures  without  any  &,dmixture  of  metal- 
liferous ores. 

If  thin  sections  of  veinstone  be  examined  under  the  microscope 
with  polarised  light,  they  will  be  found  to  consist  largely  of 
crystals  or  crystalline  grains ;  but,  to  the  unassisted  eye,  they 
sometimes  appear  to  be  compact,  or  only  slightly  granular. 
Through  this  amorphous  or  granular  ground-mass  metalliferous 
ores  are  disseminated  in  patches,  laminae,  or  crystals;  and  when 
crystallised  forms  prevail,  the   physical    ccnstitution  of  the  vein- 
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stone  is  analogous  to  that  which  among  rocks  is  known  as  a 
porphyritic  structure. 

Many  lodes  enclose  fragments  of  the  surrounding  country  rock  ; 
these,  which  are  sometimes  angular  and  at  others  rounded,  are 
cemented  together  either  by  ordinary  veinstone  or  by  metalliferous 
ores.  The  latter  was  the  case  at  Relistian,  in  Cornwall,  where 
rounded  pebbles  of  a  dark-green  chloritic  schist  were  found 
cemented  into  a  conglomerate  by  a  mixture  of  oxide  of  tin, 
chalcopyrite,  and  quartz. 

It  will  be  remembered  that  when  a  fragment  of  the  country, 
of  such  large  dimensions  as  to  divide  a  lode  into  two  branches 
occurs,  and  these  branches  subsequently  unite  upon  all  sides,  the 
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Fig.  35.— Veinstone,  Huelgoet. 


included  rock  is  called  a  horse.  Pieces  of  country  rock  in  frag- 
ments too  small  to  be  distinguishable  by  the  unassisted  eye,  are 
also  frequently  enclosed  in  siliceous  veinstones.  Fig.  35  repre- 
sents a  section  of  a  veinstone  of  this  class  from  a  lode  at 
Huelgoet,  Finistere,  France,  seen  under  the  microscope.  It  will 
be  observed  that  the  various  disunited  fragments  of  included  slaty 
rock  appear  to  have  separated  from  one  another  very  gradually, 
and  the  exact  way  in  which  they  formerly  fitted  together  is  still 
readily  traced.  In  this  instance  the  fragments  of  slate  are  quite 
unaltered,  and  their  outlines  sharjDly  defined.  This,  however,  is 
not  always  the  case,  since  in  other  specimens  the  enclosed  frag- 
ments of  country  are  often  to  a  large  extent  replaced  by  silica, 
leaving  only  a  shadowy  image  of  their  original  forms. 


PART    I 


STRUCTURE  OF  VEINS 


The  substitution,  in  rocks,  of  silica  for  other  minerals  is  not 
unlike  the  replacement  of  woody  fibre  by  the  same  substance  in 
ordinary  silicified  woods,  excepting  that  in  the  latter  the  silica  is 
always  more  or  less  hydrated.  Examples  of  this  kind  of  silicifi- 
cation  are  often  observable  as  capels  where  the  walls  of  a  vein 
have  been  subjected  to  silicifying  action.  "When  a  mineral 
vein  occurs  in  crystalline  rocks,  such  as  porphyry,  thin  sections 
not  unfrequently  show  that  portions  of  the  country,  now  forming 
part  of  the  veinstone,  although  to  a  large  extent  silicified,  still 
exhibit  traces  of  forms  which  were  originally  felspar  crystals. 


Fig.  36. — Fragment  of  lode,  Knockmalion, 
Ireland ;  natural  size. 

o,  Older  veinstone  with  chalcopjrite  ;  6,  country 
rock. 


Fig.  37.— Fragment  of  lode,  Bergmannstrost 
Mine,  Clausthal ;  after  v.  Groddeck. 

a,  Older  veinstone  ;   6,  quartz ;  c,  galena ; 
d,  blende  ;  e,  calcite. 


In  hrecciated  lodes,  as  veins  made  up  of  broken  materials  are 
called,  the  included  fragments,  instead  of  having  originally  been 
pieces  of  the  country  rock,  are  in  some  instances  portions  of  a 
previously  existing  metalliferous  vein,  which  has  been  disrupted 
by  the  re-opening  of  the  vein  fissure,  and  its  contents  reduced  to 
a  fragmentary  state  by  the  subsequent  grinding  together  of  its 
walls. 

In  many  cases  a  vein  encloses  at  the  same  time  pieces  of  the 
country  rock  and  of  veinstone  belonging  to  an  older  lode  ;  this  is 
shown  in  Fig.  36,  which  represents  a  fragment  from  a  quartzose 
copper  lode  at  the  Knockmahon  Mines,  Ireland. 
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In  jjlace  of  consisting  simply  of  embedded  fragments  of  older 
veinstone  or  of  country  rock,  the  inclusions  in  veins  are  sometimes 
covered  by  regular  deposits  of  other  minerals.  When  metallic 
sulphides  or  other  ores  have  been  thus  deposited,  they  are  known 
as  ring  ores  or  cockade  ores. 

Fig.  37  represents  an  example  of  the  last-named  formation 
from  the  Bergmannstrost  Mine,  Clausthal. 

When  the  ores  deposited  around  fragments  of  included  rock 
have  a  radial  crystalline  structure,  they  are  sometimes  called 
spherulitic  ores. 

At  Huelgoet  the  principal  lead  vein  is  in  part  composed  of 
what  would  at  first  appear  to  be  a  conglomerate,  consisting  of 
quartz  pebbles  cemented  together  by  blende,  pyrites,  quartz,  and 
galena.  On  breaking  these  "  pebbles  "  they  are  all  found  to  con- 
sist of  a  central  nucleus  of  slaty  country  rock,  surrounded  by  an 


Fig.  3S. — "Pebble,"  Huelgoet;  two-tliirds  natural  size, 
a,  Line  of  fracture. 

envelope  of  slightly  chalcedonic  quartz,  and  only  in  outward 
appearance  differing  from  an  ordinary  quartz  pebble  in  being 
somewhat  less  smooth. 

Fig.  38  represents  one  of  these  pebbles  which  has  been  cut 
through  and  jjolished  by  the  lapidary,  and  which  in  addition  to  a 
nucleus  of  dark  slate,  shows  evidence,  at  a,  that  it  has  been 
broken  by  the  movement  of  the  enclosing  walls  and  subsequently 
re-cemented  by  a  growth  of  quartz. 

The  various  minerals  of  which  the  filling  of  a  vein  fissure  is 
made  up,  are  frequently  arranged  as  a  succession  of  plates  parallel 
to  its  walls.  These  plates  or  eonibs  are  aggregations  of  crystalline 
minerals,  the  separate  crystals  of  which  are  usually  arranged  with 
their  longer  axes  at  right  angles  to  the  walls  of  the  lode ;  while 
their  form  is  more  perfectly  developed  at  the  ends  turned  towards 
its  centre  than  at  the  other  extremity.  The  ribbon-like  structure 
of   comly  lochs  indicates   long-continued    chemical     action,    occa- 


PART    1 


STRUCTURE  OF  VEINS 


89 


sioually  interrupted,  but  again  renewed  under  different  con- 
ditions; the  substances  deposited  on  the  walls  varying  with  the 
nature  of  the  minerals  held  in  solution  at  the  time  the  bands  were 
severally  formed.  Some  parts  of  a  vein  may  exhibit  a  comby 
structure,  while  others  show  no  trace  of  any  particular  arrange- 
ment. Prosepny  has  proposed  the  word  "  crustification  "  to  describe 
this  layer-like  arrangement. 

Vein  fissures  occasionally  present  appearances  of  having  again 
opened  after  having  become  filled  with  mineral,  the  new  opening 
thus  formed  aifording  the  requisite  space  for  a  further  deposition 
of  veinstone.  In  some  cases  the  re-opening  of  the  cavity  appears 
to  have  been  repeated  several  times  in  succession,  the  thickness  of 
each  comb  indicating  the  width  or  jirogressive  widening  of  the 
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Fig.  39.— Section  of  the  Drei  Prinzen  Spat  Vein,  near  Freiberg ;  after  v.  Weissenbach. 

fissure  during  the  time  its  filling  was  being  deposited.  It  not 
unfrequently  happens  that  the  re-opening  of  a  fissure  has  been 
attended  by  a  grinding  together  of  the  walls,  resulting  in  the 
production  of  slickensides  and  flucans.  In  some  lodes  the  width 
of  the  fissure  would  appear  either  to  have  gradually  increased  or 
to  have  remained  unaltered  during  the  whole  period  of  its  being 
filled,  while  successive  deposits  took  place  in  such  a  way  as  to 
produce  a  series  of  bands  arranged  parallel  to  one  another. 

One  of  the  most  remarkable  examples  of  symmetrical  repetition 
in  a  comby  lode  is  presented  by  the  Drei  Prinzen  Spat  Vein,  near 
Freiberg,  a  portion  of  which  is  represented  in  Fig.  39.  Next  to 
the  walls  on  each  side  is  a  crystallised  deposit  of  blende  followed 
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by  layers  of  quartz,  succeeded  by  others  of  fluor  spar,  iron  pyrites, 
and  heavy  spar,  &c.,  as  indicated  in  the  figure ;  each  comb  on  one 
side  having  one  exactly  corresponding  to  it  on  the  other.  The 
middle  portion  is  occupied  by  crystals  of  calcite  on  either  side  of 
a  central  cavity,  the  whole  showing  ten  symmetrical  repetitions  of 
six  different  minerals. 

Such  perfect  symmetry  is  not,  however,  common,  and  when  it 
occurs  it  does  not  afford  convincing  evidence  that  no  re-opening 
of   the   fissure  has  taken    place,  since    one  might  evidently  be 
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Fig.  40.— Section  of  vein  at  Huel  Mary  Ann  ;  after  Le  Neve  Foster. 


produced  without  any  perceptible  displacement  or  grinding  of 
the  walls. 

The  combs  of  the  same  vein  may  be  symmetrically  arranged 
in  one  portion  of  its  section,  and  occur  without  any  degree  of 
symmetry  in  another. 

Fig.  40  represents  a  transverse  section  of  part  of  a  vein  at 
Huel  Mary  Ann,  near  Liskeard,  Cornwall,  which  furnishes  an 
example  of  a  lode  in  which  the  layers,  which  are  not  numerous, 
ajjpear  to  be  arranged  symmetrically.^  Here  there  are,  first  of 
all,  two  walls  of  killas  or  clay  slate,  and  then,  proceeding  from  the 

1  C.  Le  Neve  Foster,  "  On  the  Lode  at  Huel  Mary  Ann,  Menheniot,"  Trans. 
Royal  GeoL  Soc.  of  Cornioall,  ix.  1875,  p.  152. 
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walls  inwards,  a  layer  of  cbalcedonic  quartz,  a,  locally  called  cab. 
To  this  follows  a  layer  of  vitreous  crystallised  quartz  h,  next 
galena  c,  and  finally  clialybite  cl. 

Fig.  41  is  a  section  of  the  same  vein  at  a  short  distance  from 
the  foregoing,  where  it  has  a  partly  combed  structure  and  partly  a 
brecciated  one.  On  the  hanging  wall  the  cab,  a,  is  traversed  by  a 
vein  of  vitreous  quartz,  I,  which  crystallises  out  in  a  large  vugh  ; 
then  follows  another  band  of  quartz,  c,  while  on  the  foot- wall  there 
is  a  breccia,  d,  composed  of  fragments  of  killas  and  cab  cemented 
together  by  galena  and  calcite.  In  this  case  the  various  phenomena 


Fig.  41. — Section  of  vein  at  Huel  Mary  Ann  ;  after  Le  Neve  Foster. 


connected  with  the  formation  of  the  lode  probably  occurred    in  the 
following  sequence  : — 

Firstly,  formation  of  the  fissure,  accompaaied  by  a  shifting  of 
the  strata.     A  succession    of  empty  spaces  were  left,  and    some 
parts  were  more  or  less  filled  by  fragments  which  had  fallen  from 
the  walls.     As  might  be  anticipated,  this  breccia  chiefly  occurs  on 
the  foot-wall. 

Secondly,  deposition  of  the  cab,  Avhich,  to  a  certain  extent, 
filled  the  fissure  and  cemented  tocjether  the  fragments  from  the 
walls. 

Thirdly,  re-opening  of  the  fissure;  the  new  line  of  fracture 
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sometimes  traversing  the  middle  of  the  filling  of  cab,  at  others 
cutting  across  it,  and  ultimately  following  one  of  the  walls  of  the 
original  fissure.  Pieces  of  the  wall  and  of  the  previously-formed 
cab  then  fell  in,  and  quartz,  galena,  chalybite,  and  calcite  were 
successively  deposited  in  the  open  spaces. 

Fig.  42  is  a  section  of  a  lode  in  granite  at  Carn  Marth,  near 
Redruth,  one-twelfth  natural  size,  affording  a  good  example  of 
a  fissure  which  has  been  several  times  re-opened.^  It  will  be 
observed  that  each  re-opening  has  been   attended  by  an  amount 
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Fig.  42.— Section  of  vein,  Carn  Marth. 

of  grinding-zaction  between  the  walls,  sufficient  to  produce  a  clay 
parting  of  considerable  thickness.  This  lode  is  enclosed  in  granite, 
and  the  dots  and  patches  of  black  in  the  figure  represent  spots 
and  bunches  of  cojiper  ore.  It  is  right  to  add  that  the  theory  of 
successive  openings  in  such  cases  as  the  j)i'esent  one  has  been 
seriously  impugned  by  several  recent  writers  on  these  subjects. 

The  arrangement  of  the  various  minerals  in  the  combs  of  a 
vein  is  precisely  that  which  would  result  from  their  crystallisation 

^  J.   H.    Collins,   "On  the  Mining  District  of   Cornwall  and  West    Devon," 
Institute  of  Mechanical  Engineers,  Proceedimjs,  1873,  p.  89. 
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either  from  solution  or  by  sublimation  ;  the  successive  layers  are 
produced  by  deposits  parallel  to  the  walls,  while  the  crystals  have 
their  longer  axis  directed  towards  the  centre  of  the  vein.  It  would 
therefore  appear  that  the  phenomena  observed  might  be  produced 
in  at  least  two  different  ways,  but  this  subject  will  be  again 
referred  to  when  we  consider  the  various  theories  which  have 
been  advanced  to  account  for  the  formation  of  mineral  veins. 

Distrihuiion  of  the  Ores  in  Lodes. — -In  a  vast  majority  of  cases 
the  more  metalliferous  parts  of  a  lode,  or  those  which  yield  the 
ore  sought  in  an  approximately  marketable  state,  constitute  but 
a  comparatively  small  proportion  of  the  wdiole,  and  but  few  metal- 
liferous veins  are  sufficiently  rich  throughout  their  extent  to  pay 
for  the  removal  of  the  whole  of  the  veinstone.  A  large  propor- 
tion of  the  lode  is  consequently  left  standing  in  the  mine,  while 
the  richer  portions  only  are  taken  away  and  brought  to  the  surface. 
It  is  always  a  matter  of  considerable  uncertainty  Avhether  rich 
deposits  of  ore  may  or  may  not  occur  in  a  vein,  and  no  definite 
opinion  can  be  formed  on  the  subject  until  a  careful  study  has 
been  made  both  of  the  vein  and  of  the  neighbourhood  in  which 
it  is  situated.  In  regions  in  which  parallel  lodes,  similarly 
situated,  have  been  extensively  worked,  the  miner  profits  by  the 
experience  thus  acquired,  and  considers  there  is  a  probability  that 
like  conditions  may  produce  similar  results.  When,  therefore, 
such  lodes  exist  in  any  given  locality  and  the  position  and  direc- 
tion of  any  courses  of  ore  in  one  or  more  of  them  have  been 
ascertained,  there  is  a  probability  that  the  others  may  contain 
similar  deposits. 

It  would  be  of  great  scientific  interest,  as  w-ell  as  of  the 
utmost  practical  importance,  if  the  causes  of  this  unequal  dis- 
tribution of  ore  could  be  discovered,  and  some  rule  laid  down  for 
detecting  the  position  of  the  richer  portions  (5f^a  lode.  Unfor- 
tunately, up  to  the  present  time,  no  certain  method  of  doing  this 
has  been  found,  and  it  is  only  by  a  careful  study  of  the  district  in 
which  a  vein  is  situated  that  anything  like  an  apj)roximation 
to  this  knowledge  can  be  acquired.  The  conclusion  arrived  at 
will  be  much  influenced  by  numerous  almost  undefinable  facts 
and  indications,  which,  although  they  enable  the  miner  who  is 
well  acquainted  with  a  district  to  direct  his  operations  with  a 
considerable  amount  of  accuracy,  would  probably  lead  him  to 
the  commission  of  grave  mistakes  if  applied  in  a  different 
locality.  Miners  with  fixed  ideas,  resulting  from  observations 
made  in  a  limited  area,  are  consequently  liable  to  make   serious 
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mistakes  when  they  attempt  to  apply  their  experience  in  distant 
and  totally  new  localities. 

When  a  mass  of  ore  extends  in  a  lode  in  the  direction  of  its 
course,  horizontally,  in  such  a  way  that  a  gallery  or  level  driven 
through  it  for  a  distance  of  many  fathoms  is  continuously  or  almost 
continuously  in  rich  mineral,  and  this  ore  is  again  met  with  in 
levels  above  and  below  it,  the  deposit  is  known  as  a  course  of  ore. 
Such  courses  of  ore  are  sometimes  very  extensive,  as,  for  example, 
in  the  adjoining  mines  of  Huel  Seton  and  Huel  Crofty,  in  Corn- 
wall, where  a  course  of  copper  ore  extended  continuously  over  a 
length  of  225  fathoms,  and  had  an  average  depth  of  about  fifty 
fathoms. 

In  the  mining  districts  of  the  West  of  England  when  a  course 
of  ore  is  spoken  of  without  specifying  the  metal  that  is  present. 


Fig.  43. — Longiturlinal  section  of  a  portion  of  the  Snailbeach  Mine,  Shropsliire. 


the  word  copper  is  often  understood.  Thus  it  is  usual  to  speak  of 
a  course  of  ore,  a  course  of  tin,  a  course  of  lead,  &c.  Large  masses 
of  ore  occurring  in  the  mines  of  the  new  world  are  sometimes 
called  hcnanzas,  but  this  term  is  chiefly  restricted  to  deposits 
containing  one  of  the  precious  metals. 

When  deposits  of  metalliferous  minerals  assume  the  form  of 
bands  or  columns  more  or  less  steeply  inclined  in  the  plane  of  a 
lode,  they  are  known  as  shoots  (written  often  chutes  in  America)  of 
ore  or  chimneys  of  ore.  The  shaded  portions  in  Fig.  43  represent 
the  mode  of  occurrence  of  galena  at  the  celebrated  Snailbeach 
Mine,  Shropshire,  which  affords  a  good  example  of  an  ore  occur- 
ring in  shoots.  The  horizontal  extent  of  a  shoot  of  ore  is  for  the 
most  part  somewhat  limited,  while  its  persistency  in  depth  is  often 
very  considerable.  As  a  general  rule,  all  the  ore-shoots  in  a  given 
vein  dip  in  the  same  direction,  which,  most  commonly,  is  also  that 
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of  the  bedding,  or  cleavage,  of  the  rocks  through  which  the  lode 
passes.  The  distinction  between  a  course  of  ore  and  a  shoot, 
although  usually  sufficiently  definite,  is  nevertheless,  to  some 
extent,  vague,  since,  in  extreme  cases,  the  form  and  character  of 
a  mass  of  ore  may  represent  a  sort  of  passage  from  the  one  form 
to  the  other.  The  term,  course  of  ore,  may,  however,  be  regarded, 
generally,  as  applied  to  tabular,  more  or  less  horizontal  masses  of 
ore  of  unusual  extent  and  richness,  while  the  word  shoot,  which 
conveys  the  idea  of  a  workable  deposit,  is  chietly  used  as  indicat- 
ing the  high  inclination  and  persistency  in  depth  of  the  ore-bearing 
portions  of  a  vein. 

When  a  course  or  shoot  of  a  metalliferous  mineral  has  been 
discovered  in  any  one  of  a  series  of  parallel  lodes  traversing  the 
same  country  rocks,  there  is  a  considerable  probability  that  some- 
what similar  deposits  may  be  met  with  in  approximately  corre- 
sponding positions  in  the  other  lodes  of  the  group.     Inasmuch  as 


Fig.  44.— Ore  deposits  in  parallel  lodes. 

the  more  valuable  deposits  found  in  a  series  of  parallel  lodes  are 
usually  enclosed  in  the  same  country  rock,  it  ibllows  that  these,  as 
well  as  the  lodes  themselves,  will  be  approximately  parallel ;  hence 
the  aphorism  of  the  miner,  ore  against  ore.  -^ 

This  arrangement  of  the  metalliferous  contents  of  a  series  of 
veins  will  be  understood  on  referring  to  Fig.  44,  in  which  a,  b,  c, 
are  veins,  and  d  the  country  rock  ;  the  deposits  of  ore  being  indicated 
by  lines  of  shading. 

When  the  ore  in  a  lode  occurs  in  detached  patches  it  is  said  to 
be  bunchy,  and  each  separate  patch  is  called  a  bunch.  Although, 
according  to  this  definition,  it  may  be  sometimes  difficult  to  dis- 
tinguish between  a  small  course  of  ore  and  a  large  bunch,  the  terms 
are  usually  well  understood  and  are  regarded  as  being  fairly 
definite.  It  has  been  observed  that  in  bunchy  lodes,  the  bunches, 
like  shoots  of  ore,  have  a  tendency  to  arrange  themselves  in 
accordance  with  the  dip,  or    cleavage,    of  the    enclosing   rocks. 
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In  many  cases  the  ores  in  a  lode  occur  neither  in  courses,  shoots, 
nor  bunches,  but  are  disseminated  in  a  crystalline  or  granular 
form  throughout  the  veinstone.  Lodes  in  which  the  ores  thus 
occur  are,  by  Cornish  miners,  known  as  draclge  lodes. 

The  conditions  under  which  deposits  of  ore  occur  in  mineral 
veins  vary  in  different  districts,  and  it  would  be  impossible  to  lay 
down  anything  beyond  very  general  rules  relative  to  this  subject. 
Attention  will,  however,  be  directed  to  these  local  peculiarities  when 
the  various  districts  in  which  they  occur  are  specially  described. 

It  may,  however,  be  stated,  speaking  generally,  that  those  lodes 
are  most  productive  whose  dijDs  approach  most  nearly  to  the 
perpendicular,  and  that  the  most  productive  portions  of  lodes  are 
usually  enclosed  between  walls  possessing  a  moderate  degree  of 
hardness.  This  may,  to  some  extent,  be  accounted  for  by  the 
fact  that  accumulations  of  debris  from  the  wall  rock  will  less 
frequently  take  place  in  the  fissures  of  nearly  vertical  lodes  than 
in  those  of  which  the  inclination  approximates  more  nearly  to  the 
horizontal.  It  will  be  obvious  also  that  a  larger  number  of  frag- 
ments  will  fall  into  a  vein  fissure  from  a  soft  splintery  hanging 
wall  than  from  a  moderately  hard  and  sound  one.  A  change  in 
either  the  direction  or  inclination  of  a  lode  is  frequently  accom- 
panied by  a  local  enrichment  at  or  near  the  angle  ;  it  is  also  often 
observed  that  when  a  vein  pinches  the  narrow  part  is  richer  than 
the  wider  portions. 

Miners  are  aware  that  in  all  metalliferous  districts  lodes  fol- 
lowing certain  known  directions  are  more  frequently  productive 
than  those  which  vary  only  a  few  degrees  from  that  course.  This 
may,  perhaps,  be  accounted  for  on  the  assumption  that  fissures 
formed  during  periods  when  salts  of  various  metals  were  held  in 
solution  by  waters  circulating  through  them,  will  become  charged 
with  ores  of  those  metals.  Fissures  opened  at  subsequent 
periods  will,  in  their  turn,  become  filled  with  ores  of  metals 
resulting  from  the  salts  at  that  time  circulating  in  solution,  and 
which  differ  from,  and  have  replaced  those  present  during  the 
period  the  first  system  of  vein  fissures  was  being  filled.  On  the 
other  hand,  fissures  may  be  formed  at  an  epoch  during  which  the 
circulating  waters  contained  no  metallic  salts,  and  in  that  case  the 
resulting  veins  will  be  non-metalliferous. 

M.  Moissenet,  who  has  studied  the  metalliferous  veins  of 
different  mining  districts,  and  especially  those  of  Cornwall,  with 
reference  to  the  relations  existing  between  their  productiveness 
and  their  direction,   has   endeavoured    to    explain    the    observed 
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phenomena  in  accordance  with  M.  £lie  de  Beaumont's  theory  of 
the  Bdscau  iKiitagonal.  The  assumption  of  the  simultaneous  ele- 
vation of  parallel  mountain  chains  is  however  not  generally  re- 
ceived by  geologists,  and  the  conclusions  arrived  at  by  M.  Moissenet 
are  not  always  in  accordance  with  established  facts. 

Outcrop  of  Lodes. — The  outcrops  and  upper  portions  of  metal- 
liferous veins  are  often  found  to  have  undergone  a  series  of  chemical 
changes  by  which  they  have  ultimately  become  transformed,  more 
or  less  completely,  into  siliceous  peroxide  of  iron  and  hydrated 
ferric  oxide.  This  product  of  decomposition  receives  various  names 
in  different  mining  regions.  By  the  Cornish  miner  it  is  called 
gossan;  in  France  it  is  known  as  chapeau  defer,  and  in  Germany 
as  eiserncr  Hut.  The  ^j«cos  or  colorados  of  South  America  are 
essentially  similar  productions,  which,  like  all  vein-cappings,  vary 
to  some  extent  in  colour  and  composition. 

The  ferric  oxide  in  these  outcrops  is  most  frequently  derived 
from  the  oxidation  of  metallic  sulphides  containing  a  large  pro- 
portion of  iron,  such  as  ordinary  iron  pyrites,  magnetic  pyrites, 
chalcopyrite,  &c.,  and  being  disseminated  generally  throughout 
the  mass,  it  imparts  to  it  its  usual  predominating  red  or  brown 
colour.  In  some  cases  the  ferruginous  capping  of  lodes  is  a  result 
of  the  decomposition  and  peroxidation  either  of  siderite,  or  of 
bitter  spar  containing  iron. 

Gossans  often  extend  to  a  depth  of  many  fathoms,  but  are 
seldom  found  much  below  the  drainage  level  of  the  district. 
They  sometimes  contain  valuable  metals,  such  as  gold,  silver,  copper 
and  lead,  which  were  originally  associated  with  the  minerals  from 
which  the  ferric  oxide  was  derived.  The  gold  is  invariably  found 
in  the  metallic  state  ;  while  the  other  metals  may  occur  in  com- 
bination with  oxygen,  chlorine,  iodine,  bronntle,  &c.,  or  with 
carbonic,  sulphuric,  or  phosphoric  acids.  Arsenic  is  also  one  of  the 
metals  often  present  in  ferruginous  outcrops,  and  native  co^Dper  or 
silver  is  not  of  unfrequent  occurrence.  With  increasing  depth 
these  products  of  decomposition  gradually  pass  over  either  into 
sulphides,  or  into  spathic  ores,  &c.  In  the  same  way  the  auriferous 
pyrites  occurring  near  the  outcrop  of  gold  veins  ordinarily  becomes 
transformed  into  piilverulent  oxide  of  iron,  from  Avhich  geld  is 
readily  separated  either  by  washing  or  amalgamation.  From  this 
cause  many  auriferous  quartz  veins  have,  when  worked  near  the 
surface,  been  found  to  readily  yield  their  gold,  but  after  the  water- 
level  has  been  reached,  sulphides  have  made  their  appearance,  and 
much  difficulty  has  been  experienced  in  treating  the  auriferous  rock. 
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The  same  is  the  case  with  many  other  metals ;  thus  a  vein 
carrying  sulphide  of  silver  will  have  a  gossan  containing  native 
silver  and  chloride  of  silver,  both  of  which  are  readily  amalgamable 
without  special  difificulty.  A  '"  free  milling"  silver  ore  will  accord- 
ingly change  in  depth  to  an  ore  that  has  to  be  treated  by  more 
complicated  methods,  such  as  smelting  or  wet  processes.  Sul- 
phides of  lead  and  copper  yield  gossans  containing  these  metals  in 
an  oxidised  condition  and  therefore  reducible  by  simple  smelting 
with  carbonaceous  material.  A  marked  example  of  the  assistance 
that  the  superficial  oxidation  of  certain  ores  gives  to  the  miner  is 
found  in  the  Broken  Hill  Silver  Mines  of  New  South  Wales.  The 
shallow-lying  ore  was  composed  of  highly  argentiferous  carbonate, 
&c.,  of  lead  comparatively  free  from  zinc,  which  had  doubtless  been 
oxidised  and  leached  out  as  a  soluble  sulphate,  whilst  the  unoxi- 
dised  ore  in  depth  consists  of  an  intimate  mixture  of  galena  and 
zinc  blende  that  presents  very  great  difficulties  in  its  treatment — 
difficulties  which  have  at  this  date  (189G)  not  been  entirely 
overcome. 

In  gossans  of  veins  of  the  precious  metals,  a  concentration  of 
the  valuable  ingredient  has  almost  always  taken  place.  As  the 
surface  of  the  country  was  gradually  lowered  by  denudation,  the 
vein  itself  was  simultaneously  Avorn  down  and  weathered  away  ; 
the  gold  and  silver  contents  of  the  vein  however,  owing  to  their 
ffreat  weight  and  to  the  insolubilitv  of  the  first  named  in  the 
metallic  state,  and  of  the  second,  whether  as  metal  or  as  chloride, 
gradually  accumulated  in  the  gossanous  portions  of  the  vein  im- 
mediately below  the  parts  that  were  in  process  of  destruction. 
The  valuable  contents  of  the  vein  have  thus  become  concentrated 
in  the  upper  part  or  the  gossan,  which  therefore  contains  not  only 
what  may  be  called  its  normal  tenour,  but  has  also  been  enriched 
by  an  additional  amount  that  properly  belonged  to  those  portions 
of  the  vein  that  had  been  destroyed  and  carried  away.  As  a 
marked  example  of  this,  though  every  gold-field  shows  the  same 
phenomenon,  the  Witwatersrand  gold  district  may  be  cited,  many 
of  the  "  reefs  "  on  which  gave  pannings  up  to  many  hundreds  of 
ounces,  and  even  showed  crushings  that  for  some  time  averaged 
six  ounces  to  the  ton,  whilst  in  depth  the  average  richness  is  pretty 
uniformly  about  15  dwt.  In  Western  Australia,  some  mines,  like 
Bailey's  Reward,  yielded  15  ounces  to  the  ton  at  the  outcrop,  and 
only  as  many  j)ennyweights  at  3S0  feet  depth.  Some  of  the 
argentiferous  copper  mines  of  Butte,  Montana,  were  first  started 
as  silver  mines ;   the   silver  remained   as   chloride  in  the  gossan. 
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whilst  from  a  depth  of  -iOO  feet  the  copper  had  been  leached  out 
in  a  soluble  form  and  concentrated  lower  down  in  the  vein, 
producing  a  zone  of  secondary  ore  about  200  feet  deep  which 
contains  about  thrice  its  normal  copper  contents.^ 

These  jjlienomena  of  gossan  enrichment  are  often  lost  sight  of 
in  estimating  the  probable  value  of  a  lode ;  it  must  not  be  for- 
gotten that  the  amount  of  such  enrichment  can  never  be  deter- 
mined from  a  jjriori  considerations,  and  that  it  is  unsafe  to  pre- 
dicate anything  about  the  average  value  of  a  vein  until  the 
undecomposed  ore  below  water  level  has  been  cut.  Cases  have 
been  known  of  rich  gossans  capping  deposits  too  poor  to  be  work- 
able in  depth. 

The  i^resence  of  such  products  of  decomposition  at  the  outcrop, 
has  however,  at  all  times  and  in  all  countries,  been  regarded  by 
miners  as  affording  an  indication  that  a  vein  may,  in  depth,  prove 
abundantly  metalliferous.-  It  must,  nevertheless,  be  borne  in 
mind  that  the  decomposition  of  common  pyrites,  and  of  various 
other  ferriferous  minerals,  gives  rise  to  the  formation  of  a  oossan 
differing  from  that  which  results  from  the  oxidation  of  chalcopy- 
rite  chiefly  in  being  somewhat  more  compact.  The  occurrence  of 
gossan  may  consequently  be  regarded  as  indicating  the  probable 
presence  of  a  metallic  sulphide,  and  where  one  metallic  sulphide 
is  present  in  large  quantities,  others  will  probably  be  found. 

When  the  ferruginous  capping  of  a  lode  contains,  as  is  often 
the  case,  other  metals  in  addition  to  iron,  their  presence  may  be 
regarded  as  adding  considerably  to  the  probability  of  the  occurrence 
of  their  ores  at  a  greater  depth.  The  wall  rocks  on  either  side  of 
gossan  outcrops  are  usually  much  decomposed  and  softened  by 
the  action  upon  them  of  the  various  solutions  resulting  from 
chemical  changes  which  have  taken  place  within  the  vein. 

Grouping  and  Sequence  of  Minerals  in  Lodes. — Among  the 
various  substances  constituting  the  filling  of  vein  fissures,  certain 
minerals  are  more  frequently  associated  with  one  another  than 
they  are  with  others.  In  this  way  pyrites  and  chalcopyrite,  blende 
and  galena,  wolfram  and  cassiterite,  heavy  spar  and  fluor  spar, 
&c.,  are  found  together.  These  combinations,  which  are  some- 
times very  complicated,  are  not  always  consistent,  and  as  the 
number  of  minerals   which  occur  in  veins  is  extremely  large,  it 

^  J.  Douglas,   "The  Copper  Resources  of  tlie  United  States,"  Trans.  Amer. 
Inst.  Min.  Enrj.  xix.  1890,  p.  693. 

-  "  A  mine  is  ne'er  so  good  as  that 
Which  goes  beneath  an  iron  hat."' 

Old  German  Provti^h. 
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would  be  very  difficult  to  enumerate  all  the  different  combinations 
of  this  kind  which  have  been  observed.  Definite  associations  of 
ores  and  veinstones  are  sometimes  called  ore  formations,  vein  for- 
mations, vein  types,  &c.  The  grouping  together  of  certain  mineral 
species  in  metalliferous  veins  may  possibly  be  due  to  the  common 
solubility  of  these  ores  in  the  same  medium,  and  to  their  ability 
to  deposit  crystals  from  the  same  solutions  under  similar  conditions. 
Although  it  would  be  difficult  to  enumerate  all  the  known  associ- 
ations of  metalliferous  ores  in  lodes,  the  following  table  will  afford 
a  general  idea  of  the  more  simple  groupings  which  they  affect : — ^ 

AssociATiox  OF  Ores  in  Metalliferous  Veixs. 


Two  Members. 

Three  Members.                                     Four  or  more  Members. 

Galena,  blende. 

^,  ,          111-                 Galena,  blende,  iron  pyrites,  quartz, 
Galena,  blende,  iron               ^^^^^j  ^^^^^^-^   -^^^^^  ^^^.^^  diallogite; 

,rJp^^  ^^'     ,                      brown    .spar,  calc   spar;    or  heavy 
(Sih-erores.)                     ^^^^^.                            ^      ' 

Iron  pyrites, 
chalcopyrite. 

-r              -i.         1    1           -4.         Ii'*^"  pyrites,    chalcopyrite,   galena, 
Iron  pyrites,  chalcopyrite,         ,,i^^j^^    ^^^^^     ^^J^^.^     .^.^|    ^^^ 

quai  z.                           diallogite,  brown  spar,  calc  spar  : 
(Copper  ores.)                    or  heayy  spar. 

Gold,  quartz. 

Gold,  quartz,  iron 
pyrites. 

Gold,  quartz,  iron  pyrites,  galena, 
blende,  arsenical  pyrites ;  mid 
spathic  iron  ore,  diallogite,  brown 
spar,  calc  spar. 

Col)alt  and 
nickel  ores. 

Cobalt  and  nickel  ores, 
and  iron  pj-rites. 

Cobalt  and  nickel  ores,  iron  pyrites ; 
and  galena,  blende,  quartz, 
spathic  iron  ore,  diallogite,  brown 
spar,  calc  spar  ;  or  heavy  spar. 

Tin  ore,  wolfram. 

Tin  ore,  wolfram,  quartz. 

Tin  ore,  wolfram,  quartz,  mica, 
tourmaline,  topaz,  &c. 

Gold,  tellurium. 

Gold,  telluriuiii,  tetrahedrite 
(Various  tellurium  ores. ) 

Gold,  tellurium, tetrahedrite,quartz ; 
and  brown  spar  ;  07~  calc  spar. 

Cinnabar, 
tetrahedrite. 

Cinnabar,  tetrahedrite, 

pyrites. 

(Various  ores  of  quicksilver. ) 

Cinnabar,  tetrahedrite,  pyrite.*, 
quartz  ;  and  spathic  iron  ore, 
diallogite,  brown  spar,  calc  spar  ; 
or  heavy  spar. 

Magnetite, 
chlorite. 

Magnetite,  chlorite, 
garnet. 

Magnetite,  chlorite,  garnet,  jiyrox- 
ene,  hornblende,  pj-rites,  &c. 

1  Bernhard  v.  Cotta,  Die  Lehre  von  den  Erzlcgerdcitten,  2nd  edition,  Freiberg, 
1859,  p.  37.     American  Translation,  1870,  p.  14. 
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The  succession  of  the  various  minerals  constituting  either  a 
series  of  dissimilar  combs,  or  the  successive  crystallisations  of 
geodes  or  druses,  has  long  attracted  the  attention  of  the  scientific 
miner.  Many  years  ago  v,  Weissenbach  observed  the  following- 
sequence  of  vein-material  from  the  wall  rock  to  the  centre  in  the 
system  of  lodes  which  occur  in  the  district  around  Brand,  a  few 
miles  Avest  of  Freiberg.^ 

1.  Quartz  veins  containing  iron  pyrites,  black  blende  and 
galena,  with  mispickel,  affording  a  moderate  proportion  of  silver. 

2.  Diallogite  and  brown  spar,  in  addition  to  the  above- 
mentioned  ores,  which  are  rich  in  silver  and  contain  patches  of 
argentiferous  tetrahedrite,  and  other  rich  silver  ores. 

3.  Spathose  iron  ore,  fiuor  spar,  and  heavy  spar,  over  which  a 
grayish  variety  of  brown  spar  has  sometimes  been  deposited. 
The  ores  of  grouj)  2  are  present,  but  in  less  quantities,  and  the 
galena  disseminated  through  the  heavy  spar  contains  but  little 
silver. 

4.  Calcite,  occasionally  enclosing  ricli  silver  ores,  but  without 
the  ores  of  group  1. 

The  sec[uence  of  the  various  minerals  constituting  metalliferous 
veins  has  also  been  examined  by  both  Breithaupt  and  Henwood, 
neither  of  whom  was  enabled  to  deduce  from  his  observations 
any  general  law  of  succession.  With  comparatively  few  exceptions, 
however,  all  the  various  series  of  minerals  in  veinstones  begin 
with  a  layer  of  quartz,  but  beyond  this  it  is  found  that,  even  in 
the  same  district,  the  different  minerals  constituting  subsequent 
deposits  frequently  var}'-,  not  only  in  the  order  of  their  succession, 
but  also  in  their  composition.  Fluor  spar  and,  to  a  lesser  extent, 
barytes  are  conspicuously  absent  from  the  gangue  of  auriferous  veins. 

It  is  noteworthy  that  gold,  which  is  constantly  associated  with 
cubical  iron  pyrites,  is  scarcely  ever  found  accompanying  mar- 
casite.-  Perhaps  some  recent  experiments  of  A.  P.  Brown,^  who 
finds  that  the  iron  in  the  former  mineral  is  in  the  ferrous  and  in 
the  latter  in  the  ferric  state,  may  account  for  this,  if  it  be  supposed 
that  the  iron  has  passed  into  the  higher  state  of  combination  as 
a  consequence  of  reducing  gold  salts  from  their  solutions. 

The  following  table  has  been  constructed  from  a  much  longer 

^  C.  G.  A.  V.  Weissenbach,  Ahhildungen  merkwiirdifjer  Gamjverhaltnisse  ««.<? 
dem  siichaischen  Erzgebirfje,  Leipzig,  1S36,  p.  31. 

-  H.  Louis,  "  On  the  Mode  of  Occurrence  of  Gold,"  Min.  Mo.tj.  xx.  1893, 
No.  47,  p.  241. 

^  Pror.  Amer.  Phihs.  So'\  1894,  xxxiii.  p.  2:2,). 
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one  by  W.  J.  Henwood,  in  which  he  summarises  the  result.s  of  his 
personal  observations  relating  to  the  order  of  succession  of  the 
minerals  in  various  lodes  in  Cornwall.^ 

Positions  of  Coxstittext  Minerals  ix  cert.\ix  Lodes  ix  Cornwall. 


Eock. 

Substance  next 

adjoining  the 

rock. 

Substance  next 

to  that  which 

adjoins  the  rock. 

Minerals  adjoin-| 

ing  that  in  the 

last  column. 

Minerals  adjoin- 
ing that  in  the 
last  column. 

1 
Localities. 

Granite. 

Quartz. 

Earthy  brown 
iron  ore. 

Quartz. 

Oxide'of  tin. 

Vitreous  copper 

ore. 

Chalcedony.     | 

Arseniateof  iron. 

Wolfram.        j 

Uranite.        ! 

Tungstateoflime 

Earthy  black  1 

copper  ore.    J  , 

Pedn-an-drea. 
Huel  Gorland.     | 
St.  MichaeVsMount 

Gunnis  Lake. 
Huel  Friendship. 

Huel  Jewel.       ' 

1 

1 

Green-  ■) 
stone.  / 

Quartz. 
„ 

r   Stalactitic   i 
I       quartz.      J 

Quartz. 

Chlorite. 
(      Arsenical 
t       pjTites. 

Chlorite. 

Quartz. 

Aragonite. 

f     Hj'drous     ■> 

1  oxide  of  iron.  J 

Oxide  of  tin. 

Arsenical      1 

pyrites.       J 

Copper  pyrites. 

Mineral  pitch. 

Huel  Edward. 

Levant. 

Restormel. 

Huel  Vor.         j 

Huel  Unity  Wood. 

North  Roskear. 

Clay  slate. 

Quartz. 

Quartz. 

Iron  pyrites. 

Galena. 

Copper  pyrites. 

Quartz. 

Copper  pyrites. 
Copper  pyrites. 
(  Carbonate  of 
1          iron. 

Galena. 
f  Sulphide  of  "| 
I     bismuth.     / 

Blende. 

Quartz. 
Copper  pyrites. 
Spathose  iron  l 
ore.            i 

;  Quartz. 

Fluor  spar. 

East  Crinnis.       1 
United  Hills.      , 

Virtuous  Lady.    ; 

Huel  Rose. 
Fowey  Consols. 

Polbei-row. 

EI  van. 

O.xideof  tin. 

Quartz. 

Earthy  brown  \ 
iron  ore.      J 

Quartz. 

Oxide  of  tin.     ,            

f  Earthy  brown  Blue  carbonate ) 
I       iron  ore.            of  copper,     j 

Xative  copper.               

f     Vitreous     1 

\  copper  ore.  j              

r  Red  oxide  ofl 

I      copper.      J             

Chrysocolla.                 

Wherry  Mine. 
Ting  Tang.         j 

Huel  Buller. 

Ting  Tang. 

Among  the  most  important  investigations  relative  to  this 
subject  are  those  published  by  Sandberger  on  the  paragenesis  of 
the  minerals  constituting  the  veins  at  Schaj)bach,  in  Baden.  In 
this  mine  two  distinct  lode  formations  are  developed  on  the  course 
of  the  Friedrich-Christian  Vein  where  it  traverses  the  gneiss 
namely  the  Schapbachite,  or  bismuth-silver-ore  formation,  repre- 
sented by  the  so-called  "  Hard  Branch,"  and  the  coarse-copper  and 
lead-ore-bearing  fluor-spar-pyrites  formation. 

The  succession  of  the  different  minerals  contained  in  both  these 
formations  has  been  carefully  worked  out,  and  numerous  sec  tios 
across  the  veins  at  different  points  are   given.     A  comprehensive 

1  Trans.  Royal  Geol.  Soc.  oj  CormraU,  v.  1843,  Table  C,  facing  p.  214. 
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table  is  also  furnished  showing  the  sequence  of  the  various 
secondary  minerals  resulting  from  the  decomposition  of  the  primary 
or  normal  ores,  &c.,  originally  deposited  in  the  vein  fissure.  In  this 
case,  as  in  those  already  quoted,  there  is  great  irregularity  with 
regard  to  the  succession  of  the  various  deposits,  but  in  order  to 
render  this  obvious  it  will  be  sufficient  to  give  the  results  of 
Sandberger's  examination  of  the  Hard  Branch  only  : 

Friedrich-Christiax  Vein. — Paragenesis  of  Hard  Branch. ^ 

a.  1.  Decomposed  granular  banded  gneiss,  with  reddish  felspar  and  whitish  mica. 

2.  White  quartz,   passing  into  grayish  hornstone  and  milk-blue  chalcedony, 

with  angular  fragments  of  the  country  rock,  disseminated  Schapbachite, 
galena  (I),  and  copper  pj-rites  (I). 

3.  Quartz  c»R.  ±  R. 

4.  Galena  ocO  ac.       0  (Twining   on   0).     Native   bismuth      ^R.OR,    in   very 

small  crystals  in  the  rarelj'-occurring  druses. 

b.  1.  Gneiss  (as  above). 

2.  Compact  quartz  and  chalcedonj^,  with  strings  of  Schapbachite  an  inch  wide, 

and   nests   of   massive  copper  pjn'ites  (I)  and  crj^stals  of   iron   pyrites 

3.  Roselite  in  translucent  blebs  in  fissures,  coating  quartz  and  iron  pyrites. 

c.  1.  Gray  hornstone  with   disseminated  Schapbachite  and    galena  (I),  copper 

pyrites  (I),  and  iron  pyrites  (I). 
2.   White  quartz  (  gc  +  R),  galena  (I),  ( ccQ  x.O). 

Native  bismuth  (OR.  -  2R),  bismuth-  glance  occurring  only  in  druses,  in 
aggregates  of  very  small  acicular  crystals. 

d.  1.  Whitish  gneiss. 

2.  Gray  quartz  with  Schapbachite  and  galena  (I),  and  copper  pyrites  (I) 

3.  White  quartz,  with  numerous  impressions  of  cubes  of  fluor  spar. 

4.  White  quartz  in  crystals  ( ccR.  +  R). 

€.  1.   Whitish  gneiss. 

2.  Gray  quartz,  with  Schapbachite  and  galena. 

3.  Coarse  foliated  calc  spar  (I),   crj'stallised  in   large   scalenohedra  (R'')   in 

druses,  but  mostly  corroded  and  earthy  or  dull. 

/.  1.   Wliitish  gneiss. 

2.  White  compact  quartz. 

3.  Fluor  spar  (I)  pale  green,   mixed  witli  calc  spar  (I)    and   coarse-grained 

galena. 

^.  1.  Quartz  (II)  in  larger  crystals,  with  galena. 

2.  White  calc  spar  (I)  (R'^). 

3.  Quartz  (IV)  and  copper  pyrites  (III)  in  thin  crusts. 

h.  1.  Quartz  (II)  in  larger  crystals,  with  milk-white  roundish  enclosures. 

2.  Copper  pyrites  (II)  in  twins. 

3.  Brown  spar  (R). 

4.  Calc  spar  (II)  (  ocR.R^  -^R.R). 

^  Fridolin  Sandberger,    Untersuchungen  ilher  Erzyange,  Part  I.    p.   86,  Wies- 
Ijaden,  1882. 
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/.   1.   Quartz  (II)  in  larger  crystals. 

2.  Calc  spar,  in  sheaf-like  aggregates  of  scalenohedra  (R^)  an  inch  long,  super- 

ficially altered  into  chalybite,  encrusted  and  penetrated  by 

3.  Quartz  (III)  pseudomorphous  after  barytes. 

4.  Calc  spar  (II)  in  small  groups  of  crystals  ( cc  R.  -  ^R). 

5.  Copper  pyrites   (III)   crystallised,    with   small   crystalline   aggregates   of 

quartz  (IV). 

k:  1.  Compact  quartz  with  angular  fragments  of  gneiss,  and  disseminated  galena 
and  copper  pyrites  (I). 

2.  Fluor  spar  in  rough  yellowish  cubes,  in  regular  intergrowths  with  quartz 

(III)  after  bai'ytes. 

3.  Calc  spar  (11)  (xR.R^.  -  iR). 

4.  Copper  pyrites  (III)  crystallised. 

lu  the  foregoing  table,  when  a  mineral  has  been  formed  at  only 
one  period  in  the  history  of  the  lode,  no  large  numeral  is 
affixed.  The  numbers  I,  II,  III,  and  IV,  indicate  four  successive 
stages  of  deposition  for  each  iiiineral,  but  they  do  not  refer  to  any 
particular  band  or  contemporaneously  formed  pair  of  bands  in  the 
lode.  These  latter  are  indicated  by  the  small  numerals  arranged 
under  the  different  sections  a,  h,  c,  &c.,  in  the  table  of  paragenesis. 
The  sections  show  the  contents  of  the  lode  at  certain  spots, 
selected  as  typical  of  the  differences  occurring  successively  along 
its  course. 

The  various  minerals  of  which  metalliferous  veins  are  composed 
do  not  always,  even  in  the  same  lode,  occur  in  a  similar  order  of 
succession,  and  when  the  same  minerals  are  found  in  corresponding 
order  in  different  veins,  it  by  no  means  follows  that  they  are  of 
equal  geological  age.  Metalliferous  minerals  occur  in  veins  of 
every  age,  and  the  same  minerals  are  sometimes  found  in  a  simi- 
lar order  of  succession  in  those  belonging  to  very  different  periods  ; 
such  series  being  not  unfrequently  repeated  more  than  once  in  the 
same  vein.  In  such  cases,  similar  processes  of  formation  appear 
to  have  been  periodically  repeated. 

These  successions  of  mineral  deposits  cannot  therefore  be 
regarded  as  characteristic  of  particular  geological  periods,  neither 
must  their  nature  be  considered  as  dependent  on  their  age.  The 
same  periods  have  not  everywhere  produced  similar  combinations 
or  successions,  and  different  periods  totally  dissimilar  ones ;  con- 
sequently, it  is  not  possible  from  the  nature  of  the  mineral 
combinations  and  successions  which  occur  in  a  given  vein  to 
determine  its  geological  age.  In  the  case  of  vein  fissures  formed 
at  different  periods,  the  mineral  deposits  which  take  place  will 
depend  upon  the  nature  of  the  substances  dissolved  in  the  waters 
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circulating  through  them  at  the  time  of  their  formation.  In 
the  same  locality  the  nature  of  tliese  solutions  has  changed  from 
time  to  time,  while  similar  solutions  have  re-appeared  at  certain 
intervals  which  have  no  known  general  connection  with  geological 
time.  These  changes  have  been  coniined  to  comparatively 
limited  areas,  and  are  not  believed  to  have  affected  all  veins  of 
the  same  age. 

In  addition  to  the  minerals  originally  deposited  in  vein  fissures 
during  the  progress  of  filling,  lodes  often  contain  other  mineral 
substances  which  have  been  derived  from  these  original  deposits  by 
their  decomposition  and  a  new  arrangement  of  their  constituents. 
Secondary  formations  of  this  kind,  for  the  most  part,  constitute  a 
very  small  proportion  only  of  a  lode,  and  occur  chiefly  near  its 
outcrop  and  in  the  vicinity  of  its  intersection  by  other  veins.  In 
this  way,  in  addition  to  oxide  of  iron  derived  from  the  decomposition 
of  sulphides,  the  gossans  forming  the  outcrops  and  shallower  portions 
of  many  lodes  frequently  contain  massicot,  cerussite,  anglesite,  pyro- 
morphite,  wulfenite,  &c.,  resulting  from  the  alteration  of  galena ;  and 
cuprite,  melaconite,  malachite,  azurite,  &c.,from  the  decomposition 
of  chalcopyrite. 

The  formation  of  these  secondary  minerals  can  however  be 
generally  traced  to  well-known  chemical  reactions,  and  is  there- 
fore quite  distinct  from  the  agencies  by  which  the  deposition  of 
the  original  vein  material  was  accomplished. 

The  occurrence  in  lodes  of  minerals  exhibiting  pseudomorphic 
forms,  produced  by  their  deposition  in  moulds  leit  by  the  removal" 
of  crystals  of  other  substances,  and  the  presence,  in  drusy  cavities, 
of  stalactites  of  calcite,  quartz,  pyrites,  &c.,  indicate  that  a  partial 
decomposition  and  re-arrangement  of  some  of  their  constituents 
has  been  effected  by  the  action  of  water  at  comparatively  low 
temperatures. 

The  water  now  issuing  from  the  back  of  one  of  the  cross-cuts 
at  Dolcoath  deposits  in  considerable  quantities  a  soft,  grayish-brown 
precipitate,  iron  sinter,  which  frequently  assumes  stalactitic  forms. 
Similar  incrustations,  although  generally  less  abundant,  are  found 
in  nearly  all  deep  mines  wherever  Avater  issues  from  the  vicinity 
of  a  vein  and  flows  over  the  surface  of  the  adjacent  rock. 

Two  analyses  made  of  air-dried  specimens  of  this  substance 
afforded  the  results  given  on  the  following  page. 

No.  I.  is  an  analysis  of  this  deposit  made  in  my  (J.  A.  P.) 
laboratory;  No.  II.  is  that  of  another  specimen,  made  by  Mr. 
Dugald  Campbell. 
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w^  i    ,  I  combined  . 

yi\-gi'oscopic 
Ferric  oxide    .    .    . 
Manganic  oxide 
Arsenic  acid    ... 
Arsenious  acid    .    . 
Sulphuric  acid    .    . 


I. 

II. 

12-77 

11 --45 

15-90 

15-20 

30  30 

37-75 

trace 

trace 

32-47 

32-55 

trace 

0-68 

2-(J5 

2-52 

100-09 

100-15 

Influence  of  Depth  upon  Lodes. — For  a  long  time  there  appears 
to  have  been  an  impression  that  lodes  are  productive  to  a  certain 
depth  onl}^  and  that  all  below  is  barren  and  without  value.  The 
earlier  miners  in  California  were  so  fully  impressed  with  the  idea 
that  the  outcrops  were  more  productive  than  the  deeper  portions 
of  the  same  veins  that  when  the  quartz  ceased  to  afford  remunera- 
tive results,  they  seldom  proceeded  to  any  considerable  additional 
depth  before  susjsending  their  operations.  Within  the  last  thirty 
years,  however,  experience  has  entirely  changed  their  opinion  upon 
this  subject,  as  deeper  workings  have  led  to  the  conclusion  that 
there  is  no  evidence  tending  to  indicate  a  progressive  falling  off  in 
the  yield  of  gold,  once  the  region  of  surface  enrichment,  which 
has  already  been  fully  discussed,  has  been  passed  through. 

Auriferous  veins  are  always  variable  in  their  yield,  and  it  may  be 
assumed  that  those  which  at  the  surface  afforded  evidence  of  the 
presence  of  gold  first  claimed  the  attention  of  the  miner.  These, 
after  having  been  worked  to  a  more  or  less  considerable  depth, 
ultimately  became  unproductive,  and  although  further  prosecution 
of  the  oiserations  might  have  led  to  fresh  discoveries,  the  miner, 
who  was  usually  without  capital,  soon  transferred  his  operations 
to  some  other  outcrop  showing  visible  gold. 

Another  reason  for  the  prevalence  of  this  belief  among  the  earlier 
miners  may  be  traced  to  the  fact,  which  has  been  previously  men- 
tioned, that  gold  is  almost  invariably  associated  with  iron  pyrites 
and  other  metallic  sulphides,  and  these  becoming  decomposed,  near 
the  surface,  liberate  the  gold,  which  is  readily  collected  by  washing 
and  amalgamation.  In  the  deej)er  portions  of  a  vein,  these 
sulphides  remain  undecomposed,  and  although  an  equal  amount 
of  gold  may  be  present,  the  results  obtained  by  the  miner  are  less 
satisfactory.  With  improved  machinery  and  better  methods  of 
treatment,  this  difficulty  has  now  to  a  very  great  extent  disappeared. 
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jind  tliougli  it  is  well  kuowii  that  the  gold  liberated  by  the  natural 
<lecomposition  of  pyrites  can  be  very  easily  extracted  by  direct 
amalgamation,  some  authorities  have  recently  gone  so  far  as  to 
declare  that,  when  worked  on  a  very  large  scale,  j)yritic  ores  can 
be  treated  quite  as  cheaply  as  free  milling  ones. 

The  working  of  mines  is  more  easily  and  more  cheaply  con- 
ducted near  the  surface  than  at  more  considerable  depths,  and 
as  the  difhculty  and  cost  increase  with  the  progress  downwards, 
horizontal  explorations  on  the  strike  are,  in  the  aggregate,  much 
more  extensive  than  are  those  ujDon  the  dip  of  lodes.  When  at 
a  given  depth  a  lode  or  shoot  of  ore  has  temporai'ily  ceased  to 
be  productive,  it  frequently  happens  that  any  additional  sinking- 
would  necessitate  the  erection  of  more  powerful  machinery,  and 
hence  there  is  a  greater  tendency  to  drive  levels  than  to  sink 
shafts.  Statements  relative  to  the  entire  disappearance  of  lodes 
in  depth  must  therefore  be  received  with  caution,  since,  had  the 
workings  been  continued,  the  vein  would  j)robably  have  again  been 
foimd  and  have  again  become  productive.  Comparatively  few 
mines  have  reached  four  hundred  fathoms,  but  there  is  reason  to 
believe  that  true  veins  extend  to  depths  to  which  the  miner  will 
be  unable  to  follow  them. 

According  to  Lieber,  many  lodes  both  in  North  and  South 
Carolina  appear  to  contain  gold  near  the  surface,  while  lower 
down  they  yield  lead  and  copper  ores  with  but  little  gold.  The  suc- 
cession from  the  top  downwards  is  stated  to  be  gold,  lead,  copper; 
but  his  observations  "svere  not  made  in  each  case  on  the  same  lode, 
and  the  conclusions  at  which  he  arrives  are  at  variance  with  those 
of  other  observers.  Messrs.  Shepard  and  Eights  state  that  gold  is 
present  in  these  veins  at  all  depths  that  have  as  yet  been  reached, 
but  is  easily  recognisable  in  those  parts  only  where  the  decompo- 
sition of  sulphides  has  resulted  in  the  formation  of  gossan  and 
the  liberation  of  gold.  My  own  (J.  A.  P.)  examination  of  the  region 
in  question  would  lead  me  to  agree  with  the  last  named  observers. 

Many  of  the  lodes  in  Cornwall  which  in  the  shallower  levels 
yielded  an  abundance  of  copper  ores,  now  at  greater  depths  afford 
large  quantities  of  tin  oxide  ;  but  whether  copper  ores  again  occur 
still  deeper  is  unknown.  If  it  were  established  that  changes  in 
the  composition  of  lodes  took  place  at  approximately  fixed  depths 
from  the  original  surface,  the  phenomena  might  be  regarded  as 
due  to  the  constantly  increasing  temperatare  and  pressure  resulting 
from  greater  depth;  but  up  to  the  present  time  we  are  without 
any  reliable  data  bearing  upon  this  subject. 
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Influences  of  the  Country  jRoch. — Every  one  who  has  written 
upon  the  mining  districts  of  Cornwall,  has  remarked  that  almost 
the  whole  of  the  mineral  wealth  of  that  county  occurs  within  a 
distance  of  some  two  or  three  miles  on  each  side  of  the  junction 
of  granite  and  clay  slate  or  killas.  According  to  W.  J.  Henwood, 
who  cai'efully  studied  the  subject,  no  part  of  this  line  appears, 
however,  to  have  been  notably  more  productive  than  any  other 
part  of  the  same  extent  within  the  distance  mentioned.^  And 
although  lodes  not  uncommonly  run  for  many  fathoms  with 
granite  on  one  side  and  slate  on  the  other,  or  with  either  of 
these  rocks  forming  one  wall  and  elvan,  qiiartz-'por'pliyry ,  the 
opposite  one ;  yet  the  portions  of  the  lodes  thus  contained 
between  dissimilar  rocks  have  not  generally  been  found  to  be 
the  most  productive.  The  metalliferous  contents  of  lodes  appear 
also  to  be  not  onl}'-  affected  by  the  mineral  composition  of  the 
contiguous  rocks,  but  in  some  degree  also  by  their  position  and 
mechanical  structure. 

Whether  the  rocks  be  granite,  slate,  or  elvan,  their  hardest 
jDortions  are  always  quartzose,  and  in  these  the  lodes  are  seldom 
rich.  In  granite,  a  fine-grained  rock,  locally  known  as  whetstone, 
is  always  an  unfavourable  indication,  while  if  that  Avhich  is  of 
a  coarser  texture  contains  large  white  and  sharply-defined  crystals 
of  felspar,  the  indication  is  equally  unfavourable. 

If,  on  the  contrary,  the  grain  of  the  rock  be  neither  very  fine, 
on  the  one  hand,  nor  particularly  coarse  on  the  other,  Avhile  the 
enclosed  crystals  of  felspar  have  a  greenish,  brownish,  or  pinkish 
tint,  with  indistinct  outlines  merging  into  the  ground-mass,  quartz, 
mica,  and  sometimes  schorl  being  present,  the  character  of  the  rock 
is  considered  to  be  a  favourable  one,  and  lodes  enclosed  in  it  may 
be  expected  to  be  fairly  productive,  especially  of  tin  ore. 

A  hard,  fine-grained  quartzose  elvan  that  contains  schorl, 
either  diffused  as  a  colouring  matter  only,  or  in  groups  of 
radiating  crystals,  is  not  a  favourable  country  rock,  as  the  lodes 
in  such  elvans  frequently  divide  and  split  up  into  innumerable 
branches,  which  reunite  when  they  approach  softer  and  more 
felspathic  varieties  of  the  same  rock.  The  varieties  of  elvan 
most  favourable  to  riches  differ  slightly  as  regards  tin  and 
copper  ores.  Lodes  are  sometimes  tolerably  productive  of  the 
former,  even  when  split  into  strings  and  enclosed  in  a  glassy 
quartzose    elvan.     In    the    case   of  copper  ores,  on  the   contrary, 

^   Tran^.  Roy.  Geo.  Soc.  of  Cornwall,  v.  1843,  pp.  219-225. 
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unless  tlie    rock  be    soft,   and    to    some    extent  decomposed,  the 
lodes  dwindle  and  become  unprofitable. 

In  the  neighbourhood  of  the  St.  Just  and  St.  Ives  copper 
mines,  the  rock  is  a  fine-grained  hornblendic  slate  containing 
felspar.  A  decomposed  slaty  rock  of  a  pale  grayish  hue  passing 
into  a  dull  white,  and  sometimes  marked  between  the  laminae 
Avith  bluish  spots,  accompanies  the  richer  portions  of  the  copper 
lodes  in  the  greater  part  of  the  Gwennap  district.  The  same  or 
very  similar  rocks  occur  in  the  neighbourhood  of  St.  Agnes,  in 
some  portions  of  the  St.  Austell  district,  and  in  the  neighbourhood 
of  Callington.  In  these  tin  ore  is  by  no  means  abundant,  although 
it  is  found  in  the  shallower  parts  of  some  of  the  lodes.  Copper 
ores  not  only  occur  in  this  rock,  but  have  been  plentiful  in  the 
same  lodes  after  leaving  it  and  entering  a  dark-blue  quartzose 
slate.  In  far  the  greater  number  of  instances,  however,  the 
riches  dwindle  or  suddenly  disappear  with  this  change  of  the 
-country  rock.  In  some  parts  of  the  Gwennap  district,  a  slate 
of  a  reddish  colour  is  regarded  as  being  equally  unfavourable 
to  the  yield  of  the  lodes  by  which  it  may  be  intersected. 

In  many  of  the  most  productive  mines  of  Western  and  Central 
Cornwall,  and  generally  throughout  the  Tavistock  district,  copper 
ores,  chiefly  occurring  as  copper  pyrites,  are  found  in  a  deep-blue 
■clay  slate  having  a  glassy  or  silky  lustre,  and  oiDening  in  thick 
horizontal  joints  which  coincide  with  the  planes  of  cleavage. 
Lodes  in  this  rock  do  not  usually  contain  tin  ore,  and  if  the 
slate  assumes  a  deeper  hue,  the  copper  ores  are  replaced  by  iron 
pyrites;  while  if  the  rock  becomes  quartzose,  even  the  iron  pyrites 
itself  disappears. 

Wherever  tin  ore  is  abundant,  the  slate  is  of  a  tolerably  uniform 
character,  being  deep-blue  in  colour  \vith  occasionally  a  somewhat 
greenish  tinge,  and  a  gloss  of  silkiness  on  the  surface  of  the 
cleavage  planes.  A  diminution  in  the  depth  of  colour,  and  a 
softening  in  the  texture  of  the  rock,  are  considered  unfavourable 
indications.  The  lodes  which  afford  lead  ore  occur  in  bluish  or 
grayish  slates,  and  are  generally  situated  at  considerable  distances 
from  the  granite. 

With  regard  to  the  mechanical  structure  of  rocks,  it  has  been 
observed  that,  when  in  granite,  slate,  or  even  in  elvan,  the  joints 
nearly  jDarallel  to  the  course  of  a  lode  fall  towards  it  in  descending, 
it  may  be  regarded  as  a  favourable  indication.  On  the  other  hand, 
v/hen  such  joints  diverge  from  the  lode  as  they  go  downwards,  it 
is  generally  considered  to  be  an  indication  of  poverty.  Many  joints 
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traversino-  a  lode  appear  to  exercise  an  unfavourable  influence  upon 
it,  and  a  course  of  ore  is  sometimes  cut  completely  off  by  a  joint 
running  across  the  lode.  In  slates,  whenever  tliey  become 
quartzose,  their  cleavage  planes  are  almost  invariably  mucb 
curved  or  contorted,  and  the  rock  is  more  than  ordinarily  fissile  ; 
such  conditions  are  generally  considered  unfavourable  to  the 
presence  of  large  deposits  of  ore.  When,  on  the  contrary,  the 
planes  of  cleavage  are  not  distinctly  curved,  and  the  rock 
exhibits  a  thickly  lamellar  structure,  the  lodes  j^assing  through 
it  may  be  expected  to  be  fairly  productive.  All  these  indications 
are,  however,  extremely  local  and  often  confined  within  very 
narrow  limits,  since  in  the  same  rock  there  is  frequently  an 
alteration  of  the  lodes  as  soon  as  the  character  of  the  surrounding 
country  becomes  slightly  modified. 

In  the  north  of  England,  where  the  lead  veins  are  situated  in 
regions  of  Carboniferous  Limestone,  a  singular  dependence  is 
observed  between  the  contents  of  a  vein  and  the  nature  of  the 
country  rock.  In  Cumberland,  the  veins  divide  limestones,  sand- 
stones, and  shales,  and  these  are  brought  into  various  opposition, 
to  one  another  by  the  displacements  which  accompany  nearly 
all  the  veins.  A  vein  is  sometimes  productive  of  lead  ore  under 
all  circumstances  of  opposition  in  the  enclosing  rocks.  When, 
limestone  forms  the  walls,  its  productiveness  is  usually  at  the 
maximum,  and  schist,  and  solid  sandstones,  likewise  enclose 
productive  veins  ;  but  they  are  generally  contracted  in  width  and, 
impoverished  in  their  contents  whenever  they  are  included  be- 
tween walls  of  slate,  and  even  when  one  wall  only  is  occupied 
by  that  rock  the  same  effect  is  frequently  observed. 

In  Derbyshire,  the  veins  pass  through  the  Mountain  Lime- 
stone, and  often  through  its  associated  igneous  rocks,  as  well 
as  across  the  various  accumulations  of  shales  and  sandstones.  The 
lead  ore  generally,  but  not  always,  occurs  in  the  limestone  series 
and  most  abundantly  in  the  upper  portions  of  it.  The  igneous 
rocks,  toadstones  (todt  German  dead,  or  unproductive),  are  some- 
times dense,  hard  traps,  while  at  others,  though  originally  vesicular,, 
the  vesicles  may  be  now  filled  by  various  infiltrated  minerals  ; 
they  are  generally  regarded  as  unfavourable  to  the  productive- 
ness of  the  enclosed  veins.  The  Derbyshire  miners  were  formerly 
of  opinion  that  veins  do  not  traverse  these  toadstones  or  blacJt- 
stoncs,  as  they  are  sometimes  locally  termed,  but  it  is  now  well 
known  that  the  true  fissure  veins,  or  ralies,  pass  through  these 
icrneous  rocks  as  well  as  through  the  limestones,  but  that  where- 
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the  former  constitute   the   walls   of  the  vein,  lead  ore  is    usually 
absent. 

Among  the  limestones  themselves,  certain  beds  are  considered 
more  favourable  than  others  as  walls  to  lead  veins,  and  the  pre- 
sence of  dolomite  is  always  regarded  as  an  unfavourable  indication. 
Although  lead  veins  are  frequently  continued  through  certain  shales 
overlying  the  limestones,  which  sometimes  contain  a  considerable 
amount  of  carbonaceous  matter,  veins  so  enclosed  are  seldom  pro- 
ductive, ^lany  of  the  smaller  metalliferous  veins  in  the  Derby- 
shire limestones  are,  in  point  of  fact,  merely  joints  in  the  rock 
which  have  received  a  deposit  of  lead  ore  of  sufficient  importance 
to  induce  the  miner  to  follow  them  in  his  workino-s.  In  Alston 
Moor,  Teesdale,  Weardale,  and  Swaledale  the  upper  thick  lime- 
stone or  Great  Limestone  is  far  the  richest  in  lead  ore. 

In  the  district  around  Freiberg  the  lodes  producing  silver  ores 
are  generallv  enclosed  in  gneiss.  This  rock,  which  is  divided  into 
many  different  varieties,  is  traversed  by  dykes  of  porphyry  and 
greenstone,  and  passes  into  mica  schists  containing  beds  of  lime- 
stone, but  V.  Cotta  states  that  the  miners  attach  little  importance 
to  any  of  these  variations  of  the  country  rock.  The  gneiss  of  the 
Erzgebirge  may  be  divided  into  two  jarincipal  varieties,  namely, 
the  common  gray  gneiss,  and  the  red  gneiss,  so  called  because  its 
felspar  has  a  red  colour.  Both  the  gray  and  the  red  gneiss  vary 
considerably  in  composition  and  texture,  and  it  sometimes 
becomes  difficult  to  determine  whether  a  particular  modification 
should  be  classified  with  the  gray  gneiss  or  with  the  red.  The 
typical  red  gneiss  would  appear  to  present  all  the  characteristics 
of  an  igneous  rock,  which  is  never  the  case  with  the  normal  gray 
i  gneiss  of  the  Freiberg  district.  The  gray  gneiss  contains  from  6-i 
,  to  67  per  cent,  of  silica,  and  is  composed  of  orthoclase,  a  small 
,  proportion  of  oligoclase  with  quartz,  and  much  dark-coloured 
mica.  The  red  gneiss  contains  from  74  to  76  percent,  of  silica, 
and  consists  of  orthoclase,  quartz,  and  a  little  nearly  colourless 
mica.  According  to  v.  Cotta  and  Mviller,  throughout  the  Erzge- 
birge the  gray  gneiss  appears  to  exercise  a  more  favourable 
influence  on  the  metalliferous  contents  of  the  lode  than  the  red 
gneiss,  which  contains  comparatively  few  metalliferous  veins. -^ 
It,  however,  appears  that  there  are  numerous  intermediate  grades 
between  the  two  extremes  v.-hich  cannot  with  certainty  be 
assigned    to    either   variety.     Mttller's  generalisations  must  con- 

'  B.  V.  Cotta  and  H.  Miiller,  G%n(jdudiei),  i.  1850,  p.  2u9. 
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sequently  lose  much  of  both  their  practical  and  scientific  impor- 
tance. 

At  Kongsberg,  in  Norway,  tlie  mines  are  situated  in  gneiss 
and  crystalline  schists,  of  which  the  district  for  a  length  of  about  a 
hundred  miles  and  a  width  of  some  fifty  miles  is  chiefly  composed. 
Certain  belts  or  zones  of  these  crystalline  rocks,  known  as 
fahlbands,  are  of  considerable  length  and  breadth,  and  are  impreg- 
nated with  finely  divided  sulphides  of  iron,  copper,  and  zinc,  with 
sometimes  also  those  of  lead,  cobalt,  and  silver.  The  iron  pyrites 
is  often  to  some  extent  decomposed,  giving  rise  to  the  formation 
of  hydrated  ferric  oxide,  which  is  locally  regarded  as  an  indication 
of  the  iiresence  of  silver  ores.  In  the  Kongsberg  district  there 
are  several  of  these  fahlbands,  parallel  in  strike  and  inclination 
with  the  other  gneissoid  and  schistose  rocks  of  which  they  form  a 
member.  These  fahlbands  are  themselves  traversed  by  metal- 
liferous veins  containing  silver  and  other  ores,  which  are  never 
productive  except  where  they  intersect  a  fahlband.  In  this 
instance  it  would  appear  that  the  impregnation  of  the  veins  with 
metalliferous  minerals  is  directly  dependent  on  the  nature  of  the 
enclosing  rock,  rendering  it  probable  that  the  metalliferous 
minerals  were  originally  derived  from  the  fahlbands,  from  Avhich 
their  removal  and  subsequent  concentration  in  lodes  have  been 
effected  by  chemical  agencies.  Quite  similar  phenomena  are 
exhibited  by  the  indicators  of  Ballarat,  as  will  be  more  particularly 
pointed  out  hereafter  (see  p.  687). 

The  foregoing  and  many  similar  examples  of  the  influences 
exercised  by  country  rocks  upon  the  lodes  passing  through 
them  have  been  long  known  as  isolated  facts,  but  the  investiga- 
tions of  Sandberger  and  others  have  thrown  much  additional 
light  upon  the  subject,  and  have  invested  it  with  a  significance 
which  it  did  not  previously  possess.  The  results  of  these 
investigations  will  be  stated,  and  their  bearing  upon  the  pro- 
ductiveness of  lodes  discussed,  when  we  consider  the  various 
theories  which  have  been  advanced  to  account  for  the  formation 
of  metalliferous  veins. 

Falceontology  of  Mineral  Veins. — Mr.  Charles  Moore,  wdio  paid 
much  attention  to  this  subject,  found  that  many  of  the  clays  or 
flucans  associated  with  the  lead  lodes  in  Carboniferous  Limestone 
enclose  numerous  fossils  of  Carboniferous,  Permian,  Rhsetic,  and 
Liassic  age.  He,  moreover,  entertained  the  opinion  that  veins  of 
this  class  are  of  purely  marine  origin,  and  that  the  various  organ- 
isms which  they  contain  were  deposited  in  open  fissures  existing 
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in   the  sea  bottoms  of  the   several  periods   to  which  the  fossils 
severally  belong.^ 

It  would  appear  however  far  more  reasonable  to  suppose  that, 
in  the  majority  of  cases,  the  various  organisms  which  have  from 
time  to  time  been  discovered  in  veins  had  already  become 
fossilized  when  they  were  transported  by  the  agency  of  water  from 
higher  ground  into  the  various  fissures  of  the  limestone.  The 
investigations  of  Mr.  Moore  comprehended  the  examination  of 
materials  derived  from  veins  and  vein  fissures  in  the  Carboniferous 
Limestones  of  Wharfedale,  Wensleydale,  Weardale,  Teesdale, 
Swaledale,  Alston  Moor,  Keswick,  North  and  South  Wales,  and 
parts  of  Somersetshire. 

In  the  Carboniferous  Limestone  districts  of  Holwell  and 
Frome,  Rhcetic  and  Liassic  organisms  form  a  large  proportion  of 
the  fossils  present  in  the  veins,  and  the  same  is  the  case  through- 
out the  Mendip  range  and  in  South  Wales.  In  North  Wales  and 
in  the  north  of  England,  on  the  contrary.  Carboniferous  remains 
are  most  frequent,  while  those  of  later  age  are  exceptions,  some  of 
these  being  Entomostraca  of  Permian  species.  According  to  Mr. 
Moore,  fossil  remains  are  of  more  frequent  occurrence  in  veins 
traversing  the  Carboniferous  Limestones  of  the  Mendip  Hills  than 
they  are  in  those  of  any  other  locality  which  he  examined  ;  but, 
with  one  exception,  he  never  failed  to  find  fossils  wherever  he 
sought  for  them  in  veins  enclosed  in  limestones  belonging  to  this 
formation. 

Age  of  3Iineral  Veins. — True  veins  or  lodes  must  in  all  cases" 
necessarily  be  of  more  recent  origin  than  the  rocks  in  which  they 
are  enclosed,  and  when  one  vein  crosses  another  it  evidently  must 
have  been  formed  subsequently  to  the  vein  so  intersected.  In 
this  way  the  relative  ages  of  different  veins  occurring  in  a  given 
district  may  often  be  determined  without  much  difficulty,  but  to 
assign  the  formation  of  any  vein  or  group  of  veins  to  a  definite 
period  of  geological  time  is  frequently  more  difficult.  Sometimes 
also  it  is  not  easy  to  determine  whether  or  not  lodes  are  older 
than  certain  neighbouring  rocks  which  have  not  been  intersected 
by  them.  When,  however,  a  vein  does  not  traverse  the  stratum 
immediately  above  it,  or  is  cut  off  in  direction  by  a  band  of  rock 
which  it  nowhere  penetrates ;  or,  again,  if  a  given  rock  contains 
fragments  of  a  neighbouring  vein,  it  becomes  evident  that  the 
vein  may  in  each  case  be  regarded  as  being  older  than  the  rock. 

^  Rejjort  of  the  Britinh  Aniioriation  for  the  Adiuurement  of  Science  for  1869, 
\  p.  360. 
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In  this  way  it  can  often  be  shown  that  a  vein  must  be  older 
than  certain  formations  in  its  neighbourhood,  although  it  will 
generally  be  more  difficult  to  determine  how  much  older  the  vein 
may  be  than  the  evidently  more  recent  rock.  Such  a  deter- 
mination can  only  be  accomplished  when  the  filling  of  a  vein 
fissure  may  be  referred  to  a  period  which  elapsed  between  the 
formation  of  the  rock  which  it  traverses  and  that  of  a  later  deposit 
of  well  ascertained  age,  following  closely  in  geological  succession. 
Metalliferous  veins  are,  as  a  rule,  of  more  frequent  occurrence  in 
the  older  rocks  than  in  the  more  recent  ones,  and  from  this 
circumstance  it  might  possibly  be  inferred  that  the  formation  of 
lodes  is  a  process  which  has  gradually  decreased  in  activity  with 
the  23rogress  of  time.  It,  however,  appears  far  more  probable  that 
the  formation  of  lodes  has  taken  place  at  all  periods  of  the  world's 
history,  and  that,  as  a  consequence,  they  are  more  frequently 
enclosed  in  the  older  rocks  than  in  the  newer  ones ;  which,  from 
being  of  less  age,  have  been  subjected  during  a  less  extended 
period  to  vein-producing  influences.  The  following  may  be 
quoted  as  examples  of  mineral  veins  of  comparatively  recent  date. 
In  the  department  of  Aveyron,  in  France,  lodes  of  argentiferous 
galena  associated  with  ores  of  copper  traverse  the  Lias.  In 
Algeria,  lodes  of  the  same  class  are  enclosed  in  rocks  belonging 
to  the  Cretaceous  period.  In  California,  a  proportion  of  the 
auriferous  veins  are  included  in  rocks  of  Jurassic  age,  while  the 
auriferous  quartz  veins  of  Vorosj)atak,  in  Transylvania,  traverse 
Tertiary  sandstones. 

Further  evidence  that  quartz  veins  are  sometimes  of  very 
recent  origin  is  afforded  by  the  fact  that  in  the  vicinity  of 
Volcano,  in  Amador  County,  California,  a  distinctly  marked  quartz 
vein  is  observed  to  cut  through  beds  of  sand  and  gravel,  and 
presents  unmistakable  evidence  of  having  been  formed  subse- 
quently to  their  deposition,  by  the  action  of  water  holding  silica  in 
solution.  This  vein  is  chiefly  composed  of  chalcedony  and  agate, 
but  portions  of  it  are  more  or  less  stained  by  a  ferruginous  deposit. 
This  is  by  no  means  a  solitary  case,  many  other  localities  having 
been  noticed  where  quartz  veins,  almost  identical  in  their  general 
features  with  those  met  with  in  the  auriferous  slates,  must  have 
been  formed  during  the  most  recent  geological  epochs.^ 

From  certain  phenomena  which  have  been  observed  in  Cali- 
fornia, it  would  appear  probable  that  in  various  localities  lodes  and 

^  Geological  Survey  of  California,  i.  1865,  p.  276. 
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other  metalliferous  deposits  may,  even  at  the  jDresent  time,  be  in 
active  progress  of  formation. 

One  of  the  largest  deposits  of  sulphur  in  California  occurs 
in  Lake  County,  a  mile  beyond  the  ridge  which  bounds  Borax 
Lake  on  its  north-eastern  side,  and  is  many  acres  in  extent.  This 
"  Sulphur  Bank "  is  composed  of  a  much  decomposed  volcanic 
rock,  traversed  by  numerous  fissures,  from  which  gases,  steam  and 
water,  either  in  the  form  of  spray  or  of  vapour,  constantly  issue ; 
and  throughout  the  entire  mass  sulphur  has  been  deposited  in  such 
large  quantities  that,  at  a  short  distance,  the  whole  appears  to  con- 
sist of  that  substance.  In  the  immediate  neighbourhood  of  this 
solfatara  are  springs  which  give  off  carbonic  acid,  and  of  which 
the  waters  contain  carbonates  of  sodium  and  ammonium,  chloride 
of  sodium,  borax,  &c. 

The  sulphur  from  this  locality  contains  a  small  amount  of 
mercury  in  the  form  of  cinnabar,  and  the  sides  of  the  fissures  in 
the  volcanic  rocks  through  which  the  gases  and  water  make  their 
escape  are  sometimes  coated  with  gelatinous  silica,  beneath  which 
is  a  layer  of  chalcedony  resting  upon  a  stratum  of  crystalline 
quartz.  This  siliceous  deposit  contains  pyrites  and  a  notable  per- 
centage of  cinnabar,  or  is  stained  by  a  tarry  hydrocarbon ;  while 
the  crystals  of  quartz  enclose  liquid  cavities  in  which  the  usual 
bubbles  are  distinctly  visible. 

In  the  year  1866  I  (J.  A.  P.)  visited  Borax  Lake  and  the 
neighbouring  Sulphur  Bank  in  company  with  Mr.  R.  Oxland,  who 
was  the  first  to  call  attention  to  the  presence  of  cinnabar  in  the 
sulphur  from  this  locality  ;  and  in  1868  I  published  a  paper  calling 
attention  to  the  probability  of  certain  mineral  deposits  having  been 
the  result  of  hydrothermal  or  solfataric  action.^ 

For  some  years  this  solfatara  was  worked  as  a  source  of 
sulphur  only  ;  but  during  these  operations  so  large  an  amount  of 
cinnabar  was  discovered,  both  in  the  decomposed  basaltic  rock  and 
in  the  sedimentary  strata  beneath  it,  as  ultimately  to  lead  to  the 
opening  up  of  the  Sulphur  Bank  as  a  mercur}^  mine.  This  has 
yielded  large  quantities  of  quicksilver,  and  affords  a  striking  and 
instructive  example  of  a  recently  formed  mineral  deposit  resulting 
from  agencies  apparently  still  in  operation. 

Many  years  ago,  silver  was  found  in  the  sinter-like  deposit  from 
a  hot  spring  in  the  county  of  Colusa  ;  and  previous  to  1865,  Pro- 
fessor Whitney  had  been  shown  at  Clear  Lake  some  peculiar  and 

^  J.  A.  Phillips,  "Notes  on  the  Chemical  Geologj'  of  the  Gold-fields  of  Cali- 
fornia," Phil.  May.,  xxxvi.  1868,  p.  321. 
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interesting  specimens  of  water-worn  cinnabar  enclosing  specks  of 
gold,  said  to  have  been  found  near  Sulphur  Springs  in  the  same 
county. 1 

These,  from  being  water-worn,  and  from  not  having  been  found 
in  situ,  necessarily  lost  a  certain  portion  of  the  interest  which 
would  have  otherwise  been  attached  to  them.  Mr.  Melville 
Attwood,  of  Saucelito,  has  however  furnished  me  with  a  specimen 
of  cinnabar  from  Colusa  County,  which,  after  having  been  formed 
upon  one  of  the  surfaces  of  a  fissure,  had  subsequently  become 
covered  by  a  brilliant  deposit  of  metallic  gold. 

Steamboat  Springs,  in  the  State  of  Nevada,  are  situated  near 
the  base  of  a  volcanic  hill  seven  miles,  in  a  direct  line,  north-west 
of  Virginia  City  and  of  the  famous  silver  mines  on  the  Great 
Comstock  Lode.  The  rock  at  this  place  is  traversed  by  several 
parallel  fissures,  which  either  give  issue  to  heated  waters  or 
simply  throw  off  clouds  of  steam.  The  most  active  group  of 
these  crevices  comprehends  five  parallel  longitudinal  openings 
extending,  nearly  in  a  straight  line,  for  a  distance  of  about  a 
thousand  yards ;  their  general  direction  is  nearly  north-east  and 
south-west,  and  all  of  them  are  included  within  a  zone  two  hundred 
yards  in  width.  They  are  sometimes  filled  with  boiling  water 
which  overflows  in  the  form  of  a  rivulet,  while  at  other  times 
violent  ebullition  is  heard  to  be  taking  place  at  a  short  distance 
below  the  surface. 

These  fissures  are  lined  with  a  siliceous  incrustation,  which  is 
being  constantly  deposited,  while  a  central  longitudinal  opening 
allows  of  the  escape  of  gases,  steam  and  boiling  water.  The 
water  is  slightly  alkaline,  and  contains  carbonate  of  sodium,  sul- 
phate of  sodium,  common  salt,  &c.  Carbonic  acid  escapes  nearly 
along  the  whole  line,  wdiile  sulphuretted  hydrogen  is  evolved  and 
a  small  quantity  of  sulphur  deposited  at  certain  points.  The 
fissures,  which  appear  to  have  been  subjected  to  a  series  of 
repeated  widenings,  such  as  would  result  from  an  unequal  move- 
ment of  their  walls,  are  lined,  sometimes  to  a  thickness  of  several 
feet,  by  incrustations  of  silica  of  various  degrees  of  hydration, 
containing  hydrated  ferric  oxide  and,  exceptionally,  crystals  of 
iron  pyrites.  This  silica  exhibits  the  ribbon-like  structure  so  fre- 
quently observed  in  mineral  veins,  and,  when  examined  under 
the  microscope,  is  seen  to  consist  of  alternately  amorphous  and 
crystalline  bands,  enclosing  druses  lined  with  minute  crystals 
of  quartz. 

1  Gtologkal  Survey  of  California,  i.  1865,  p.  92. 
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At  a  distance  of  nearly  a  mile,  iu  a  westerly  direction,  fron^ 
the  locality  above  described  is  an  older  group  of  fissures  in  every 
respect  similar  to  those  of  Steamboat  Springs,  except  that  they 
are  no  longer  traversed  by  hot  water,  although  still  at  various  points 
jrivino-  off  a  little  steam  and  carbonic  acid.  Towards  the  southern 
extremity  of  the  principal  fissure  of  this  group  the  siliceous 
deposit  extends  considerably  beyond  the  edges  of  the  cleft,  and 
has  accumulated  to  a  distance  of  many  yards  on  each  side  of  the 
opening.  The  silica  of  this  deposit  is  sometimes  chalcedonic  and 
contains  nodules  of  'hyalite ;  the  larger  proportion  of  it,  however, 
although  somewhat  friable,  is  distinctly  crystalline.  The  crystals 
contain  numerous  liquid  cavities,  and  exhibit  the  usual  optical  and 
other  characteristics  of  ordinary  quartz.  Besides  oxides  of  iron 
and  manganese,  this  quartz  contains  small  quantities  of  iron  and 
copper  jDyrites  ;  and  in  a  paper  on  the  Gold  Eegions  of  California, 
jiublished  in  1863,  M.  Laur  states  that  he  had  found  it  to  contain 
distinct  traces  of  gold.  With  regard  to  these  deposits,  this 
gentleman  remarks-  that,  so  far  as  auriferous  quartz  veins  are 
concerned,  Steamboat  Springs  appear  to  place  before  us  a  sort  of 
practical  verification  of  the  theory  which  regards  a  certain  class  of 
metalliferous  deposits  as  being  produced  by  mineral  waters  in  the 
fissures  through  which  they  circulate.^ 

For  a  long  time  local  attention  does  not  appear  to  have  been 
directed  to  the  Steamboat  Valley ;  but  in  the  year  1878  one  of  the 
older  fissures  was  opened  by  a  tunnel  to  a  depth  of  fifty  feet  from 
the  surface,  and  the  veinstone  was  there  found  so  impregnated 
with  cinnabar  as  to  yield  a  mercurial  ore  of  some  commercial  value. 
At  this  dei^tli  the  temperature  was  not  sufficiently  high  to  cause 
inconvenience  to  the  workmen,  and  five  samples  of  the  ore  which 
were  subjected  to  assa}^  gave  an  average  yield  of  2*90  per  cent,  of 
mercury.  Steamboat  Springs  thus  afford  another  example  of  the 
recent  formation  of  a  metalliferous  deposit  by  the  agency  of  heated 
waters. 

In  continuation  of  this  subject  it  may  be  mentioned  that  a 
deposit  of  bright-red  cinnabar  in  a  brecciated  vein  mass  occurs 
near  the  hot  searings  at  Calistoga,  at  the  foot  of  Mount  St.  Helena. 
Here  fragments  of  an  amorphous  siliceous  rock  are  cemented 
together  by  crystallised  quartz  showing  distinct  lines  of  accretion, 
throughout  which  minute  granules  of  sulphide  of  mercury  are 
plentifully  disseminated. 

The  Great  Comstock  Lode   is   sitciated  in   a  volcanic   district 
^  Annales  des  Mines,  iii.  1863,  p.  423. 
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seven  miles  south-east  of  Steamboat  Springs,  has  a  neariy  similar 
orientation,  and  is  enclosed  between  walls  either  of  diabase,  or  of 
diorite  on  one  side  and  diabase  on  the  other.  This  vein,  of  which 
the  gangue  is  chiefly  siliceous,  although  calcite  is  also  sometimes 
present,  was  first  attacked  by  the  miner  in  the  year  1859,  and 
since  that  time  has  yielded  enormous  amounts  of  silver  and  gold. 

The  temperature  of  the  waters  issuing  from  mines  worked  upon 
the  Comstock  Lode  has  always  been  high,  but  it  was  not  until 
they  had  attained  a  considerable  depth  below  the  surface  that  the 
workmen  first  became  inconvenienced  by  extraordinary  heat.  At 
their  present  greatest  depth  (above  3,000  feet)  water  issues  from 
the  rock  at  a  temperature  of  157°  Fahr.  (70°  C.) ;  and  according  to 
Mr.  John  A.  Church,  who  has  published  valuable  observations  on 
the  heat  of  the  Comstock  Mines,  at  least  4,200,000  tons  of  water 
are  annually  pumped  from  the  workings  at  a  minimum  temperature 
of  135°  Fahr.^  He  also  estimates  that  to  elevate  such  a  lai'ge 
volume  of  water  from  the  mean  temperature  of  the  atmosphere  to 
that  which  it  attains  in  the  mines,  would  require  47,700  tons  of 
coal.  In  addition  to  this,  however,  7,859  tons  of  coal  would,  he 
calculates,  be  required  to  supply  the  heat  absorbed  by  the  air 
which  passes  along  the  various  shafts  and  galleries  through  which 
it  is  diverted  for  the  purposes  of  ventilation.  It  follows,  therefore, 
that  to  develop  the  total  amount  of  heat  necessary  to  raise  the 
water  and  air  circulating  in  these  mines  from  the  mean  tempera- 
ture of  the  atmosphere  to  that  which  they  respectively  attain, 
55,560  tons  of  coal,  or  97,700  cords  of  firewood,  would  be  annually 
required. 

Mr.  Church,  in  his  paper,  quotes  four  different  analyses  of 
waters  from  the  Comstock  Lode  taken  at  different  depths.  These, 
as  might  have  been  anticipated,  vary  somewhat  as  to  the  relative 
proportions  of  the  various  substances  present;  but  they  contain  on 
an  average  42*62  grains  of  solid  matter  to  the  gallon.  Of  this 
amount,  20"74  grains  are  sulphate  of  calcium,  12'13  grains  car- 
bonate of  potassium,  4*85  grains  carbonate  of  sodium,  and  0"66 
grain  chloride  of  sodium.  In  order  to  ascertain,  approximately,  to 
what  extent  the  production  of  the  large  amount  of  heat  absorbed 
by  the  water  may  be  ascribed  to  oxidation  of  sulphur  and  iron, 
Mr.  Cliurch  first  calculates  the  quantity  which  Avould  be  developed 
by  the  oxidation  of  pyrites   equivalent  to  the   calcic  sulphate  in 

1  "The  Heat  of  the  Comstock  Mines,"  Trans.  Amer.  Iiisfifute  of  Min. 
Emj.,  vii.  1S79,  p.  45.  "The  Comstock  Lode;  its  Formation  and  Historj^," 
New  York,  1879,  p.  189. 
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solution.  Having  found  that  this  amounts  to  only  -j-jii  P^rt  of 
that  required,  he  subsequently  seeks  another  solution  for  the 
difficulty,  and,  without  bringing  forward  any  calculations  in  support 
of  the  hypothesis,  attributes  this  enormous  development  of  heat  to 
the  kaolinisation  of  felspar  in  the  adjacent  rocks. 

This  view,  however  new  and  ingenious,  is  unfortunately  purely 
speculative,  and  in  the  present  state  of  our  knowledge  geologists, 
generally,  will  regard  this  phenomenon  as  a  last  trace  of  volcanic 
activity.  Mr.  Church  adduces  the  high  temperature  of  the  waters 
-of  Steamboat  Springs  as  a  proof  that  the  rocks  of  this  region  are 
capable,  by  the  kaolinisation  of  felspar,  of  producing  sufficient 
heat  to  raise  large  quantities  of  water  to  the  boiling-point ;  but 
these  springs  give  rise  to  an  evolution  of  sulj^huretted  hydrogen, 
and,  occasionally,  to  a  deposition  of  sulphur,  which  cannot  be  results 
of  the  decomposition  of  felspar.  It  is  probable  that  the  Comstock 
Lode  and  the  hot  springs  in  the  Steamboat  Valley  have  had  a 
somewhat  similar  origin,  but,  in  the  case  of  the  former,  volcanic 
agencies  are  no  longer  so  actively  in  operation,  while  both  sulphur 
and  sinter,  if  originally  present,  have  been  removed  by  denudation. 
There  can  be  no  do\ibt  that  fissures  and  cavities  have  some- 
times been  filled  by  infiltration  from  the  enclosing  rocks,  as  well 
as  by  percolation  from  the  surface.  The  operation  of  these 
agencies  is  perhaps,  in  most  instances,  extremely  slow,  although 
according  to  R.  Brough  Smyth,  even  gold,  under  certain  conditions, 
.may  be  deposited  in  appreciable  quantities  within  comparatively 
short  periods.  This  author  states  that,  in  the  gold-fields  of  Victoria, 
pieces  of  highly  mineralised  fossil  wood,  taken  from  the  deeper 
workings,  as  well  as  timber  used  for  supporting  galleries,  which 
had  remained  in  the  mine  for  some  years,  have  exhibited,  under 
the  microscope,  particles  of  gold  adhering  to  and  intermixed  with 
crystals  of  iron  pyrites,  all  through  the  central  parts  of  the  wood.^ 
This  is  confirmed  by  Mr.  Ulrich,  who  says  that  in  the  gold-drifts 
pyrites  is  often  found  incrusting  or  replacing  roots  and  driftwood, 
and  that  samples,  assayed  by  Messrs.  Daintree,  Latta,  and  New- 
berry, have  yielded  amounts  of  gold  varying  from  a  few  penny- 
weights to  several  ounces  per  ton.  According  to  Mr.  H.  A. 
Thompson,  a  specimen  of  pyrites  from  the  centre  of  an  old 
tree-trunk  gave  by  assay  above  80  oz.  of  gold  per  ton.- 

Genesis  of  Mineral  Veins. — The  origin  of  metalliferous  veins  is 

1  The  Gold-Jitlds  and  Mineral  DUtrkts  of  Victoria,  :Melbourne,  18G9,  p.  74. 

2  Alfred    R.   C.  Selwyn    and   George    H.  F.  Ulrich,  Xote-s   on   the   Phij-siral 
•Geocjraphy,  Geology,  and  Mineralogy  of  Victoria,  Melbourne,  1866,  p.  56. 
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a  subject  which  has  long  occupied  the  attention  of  geologists,  and 
various  theories  have,  at  different  times,  been  framed  with  the 
object  of  explaining  the  causes  which  have  led  to  their  formation. 
Little  is  said  upon  this  subject  by  Greek  and  Latin  authors  when 
referrino-  to  mines  and  minerals.  Diodorus  Siculus,  however,  who 
lived  and  wrote  during  the  first  years  of  the  Christian  era,  states 
that  the  mountains  of  Spain  are  traversed  by  metalliferous  veins. 
Pliny,  whose  death  is  supposed  to  have  taken  place  A.D.  79,  tells 
us  in  the  thirty-third  Book  of  his  Natural  History  that  gold  is 
found  in  mountainous  districts,  and  that  veins  producing  it  traverse 
the  rocks  in  different  directions,  and  often  appear  in  the  walls  or 
sides  of  wells.  He  further  informs  us  that  if  a  lead  vein  be 
allowed  to  remain  for  some  time  unworked,  air  being  at  the  same 
time  freely  admitted  into  the  mine,  a  fresh  growth  of  lead  ore  will 
take  place  and  the  lode  will  become  even  richer  than  before. 

Werner,  in  his  New  Theory  of  the  Origin  of  Veins,  has  given 
a  concise  history  of  the  older  views  on  this  subject,  of  which  a 
brief  summary  may  not  be  without  interest.^ 

Georgius  Agricola,  whose  real  name  was  Bauer,  and  who  was 
born  in  1494  at  Glauchau  in  the  Saxon  Erzgebirge,  treats  of  the 
position  and  crossing  of  lodes  in  the  twenty-fourth  chapter  of 
his  Bermannns,  and  at  still  greater  length  in  his  great  work  De  Be 
Metcdlica  (1553).  In  the  third  chapter  of  the  third  book  of  his  work 
De  Ortu  et  Causis  Suhtcrraneorum  (1546),  Agricola  treats  of  the 
formation  of  veins.  He  supposes  the  fissures  in  which  they  are  found 
to  have  been  formed  partly  at  the  same  time  as  the  enclosing  rocks, 
and  partly  afterwards  by  the  waters  which  penetrated  into  them. 
With  respect  to  the  clays  and  stones  constituting  portions  of  met- 
alliferous veins,  he  conceives  the  former  to  have  resulted  from  the 
abrasion  of  neighbouring  rocks,  and  to  have  been  carried  into  the 
vein  fissures  by  water  ;  the  latter  he  regards  as  resulting  from  the 
clayey  or  earthy  matters  which  have  become  hardened  partly  by 
the  effects  of  heat  and  cold,  and  partly  by  a  "  lapidific  juice." 
Minerals  and  metals  he  regards  as  being  deposited  from  solution  in 
water,  and  he  considers  the  then  prevalent  belief  that  lodes  are  of 
the  same  age  as  the  globe  itself  "  an  opinion  of  the  vulgar." 

Rossler,  who  died  in  1673,  also  regarded  veins  as  fissures  jDre- 
viously  existing  in  the  rock  and  subsequently  filled  with  minerals.- 

^  A.  O.  Werner,  Xeue  Theorie  ron  der  Eid^tthung  der  Gdiuje,  Freiberg,  1791. 
An  English  translation  of  this  book  by  Charles  Anderson,  M.D.,  was  published 
at  Edinburgh  in  1809. 

-  B.  Rossler,  SiJeculnm  metaUuryyt;  poiitissinua)i,  oder  he//polierfer  Bergbmi- 
spiegel,  Dresden,  1700. 
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Becher  (1669)  ascribes  the  forniatiou  of  metals  and  minerals 
to  subterranean  vapours  penetrating  the  veins  and  producing  a 
peculiar  change  in  their  earthy  and  stony  constituents.^ 

Henckel  (1725)  attributes  the  formation  of  the  contents  of 
veins  to  a  peculiar  exhalation  produced  and  engendered  by  a 
"  fermentation"  supposed  to  take  place  in  the  interior  of  rocks.- 

Hoffman  (1738)  supposes  lodes  to  have  been  formed  in  the 
iissures  of  rocks,  but  speaks  of  this  as  being  an  hypothesis  only.^ 

Zimmerman  (1746)  considers  veins  and  the  minerals  of  which 
they  are  composed,  to  have  been  produced  by  a  transformation 
of  the  substance  of  the  enclosing  rocks ;  this  alteration 
being  assisted  by  certain  saline  substances  which  prepare 
and  render  the  earthy  matters  cajDable  of  being  changed  into 
metalliferous  minerals  and  their  accompanying  veinstones.^ 

Von  Oppel  (1749),  formerly  Captain-General  of  the  mines  of 
Saxony,  admits  without  reservation  that  veins  were  formerly 
fissures  in  the  rock  which  Avere  afterwards  filled  with  mineral 
substances  of  a  different  nature  from  the  surrounding  rock."" 

Lehmann  (1753)  is  of  opinion  that  veins  are  fissures  which  have 
been  filled  by  nature  with  stones,  minerals,  metals,  and  clay,  and 
that  they  appear  to  be  the  branches  and  shoots  of  an  immense  trunk 
placed  at  a  prodigious  depth  in  the  bowels  of  the  earth.  From  this 
central  workshop  where  nature  carries  on  the  manufacture  of  the 
metals,  the  metalliferous  constituents  of  lodes  have  issued  in  the 
form  of  "  vapours  and  exhalations."  ^ 

Delius  (1770)  considers  vein  fissures  to  be  rents,  which  have 
been  since  filled  up,  caused  by  the  drying  of  the  rocks.  He  is, 
moreover,  of  opinion  that  rain,  having  penetrated  the  substance  of 
the  country  rocks,  has  dissolved  or  suspended,  and  afterwards 
carried  into  the  rents,  the  different  materials  which  have  served  as  a 
base  for  the  formation  of  the  ffano^ue  and  various  associated  ores.*^ 

Baumer  (1779)  states  that  veins  differ  both  in  form  and  substance 
from  the  strata  in  which  they  occur.  Their  formation  he  considers 
to  be  posterior  to  that  of  the  rock  traversed  by  them,  and  they  ap- 
pear to  have  been  formed  under  the  sea,  as  they  are  often  covered 

^  J.  J.  Becher,  Phyaica  Sxihterravta,  Frankfurt,  1669. 

-  J.   F.    Henckel,   Pyritoloijia  odtr  Kieshi<forie,   Leipzig,   172.5.     An  English 
translation  of  this  work  was  published  in  London  in  17.57. 
^  J.  G.  Hoffman,  De  Matririhus  Mttallorum,  Leipzig,  1738. 
"*  C.  F.  Zimmerman,  Ober-Sachsische  Btryakadtinie,  Dresden,  1740. 
'  V.  Oppel,  Anlf.it iDKj  znr  Markscheidekunst,  Dresden,  1749. 
''  J.  (i.  Lehmann,  AhhandluiKj  von  den  MetaUmiUtern,  Berlin,  1733. 
'  C.  T.  Delius,  Ahhandlany  von  den  Ur»prun(jen  der  Gtbirge,  Leipzig,  1770. 
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by  beds  of  schist,  and  marine  animals  are  sometimes  found  in 
them  in  a  fossil  state.^ 

Gerhard  (I78i)  believes  vein  fissures  to  have  been  produced  at 
very  different  periods  of  time,  and  is  disposed  to  think  that  "  sub- 
terraneous fermentations"  may  have  contributed  to  their  formation. 
He  supposes  further  that  water  penetrating  the  country  rock  dis- 
solves certain  substances,  and  afterwards  passing  into  vein  fissures, 
there  deposits  the  minerals  which  it  previously  held  in  solution. 
These  minerals,  he  is  of  opinion,  existed  originally  in  the  adjacent 
rocks,  and  have  been  carried  in  a  state  of  aqueous  solution  into  the 
fissures,  where  they  are  now  found  in  the  form  of  metalliferous 
veins.- 

Von  Trebra  (1785)  does  not  appear  to  have  possessed  any  very 
definite  ideas  on  the  subject  of  metalliferous  veins,  but  ascribes  their 
origin  mainly  to  the  action  of  "  putrefaction  and  fermentation." 
He  appears  to  regard  the  two  terms  as  synonymous,  and  subse- 
quently defines  the  latter  as  "  the  quality  which,  acting  by  in- 
sensible degrees,  produces  the  most  perfect  transformation  in  the 
bowels  of  the  earth."  ^ 

Lasius  (1789)  considers  veins  to  have  been  formed  in  rents  pro- 
duced by  revolutions  of  nature,  and  these  he  believes  to  have  been 
afterwards  filled  with  water  containing  carbonic  acid,  which  thus 
acquired  the  property  of  dissolving  various  earthy  and  metallic 
matters  contained  in  the  rocks  through  which  they  percolated. 
These  substances  were  afterwards  precipitated  by  certain  other  bodies 
in  the  fissures  in  which  they  are  now  found.  He,  however,  is  not 
clear  as  to  whether  the  metallic  particles  were  already  present  in 
the  substance  of  the  rock,  or  were  formed  in  them  by  the  action  of 
water  upon  minute  "  metallic  seeds."  "* 

Werner  (1791),  in  his  work  on  the  formation  of  veins,  propounds 
at  considerable  length  his  views  upon  this  subject,  and  of  these  the 
following  may  be  regarded  as  being  a  brief  abstract.  All  true 
veins  were  originally  open  rents,  which  were  afterwards  filled  with 
mineral  matter  from  above. 

Rents  or  fissures  may  have  been  produced  by  various  causes. 
Mountains  have  been  formed  by  a  successive  accumulation 
of  ditferent  beds  upon  one  another;  the  resulting  mass  was  at  first 

^  J.  G.  Baumer,  Fundament  a  Gto(jrnphia'  et  Hydroijraphid'  suhferraneci',  Gotha, 
1779. 

'^  C.  A.  Gerhard,  Geschirhte  des  Mineral- Reichs,  Berlin,  1781. 

^  F.  W.  H.  V.  Trebra,  Erfahrungen  von  Innern  der  Gebirge,  Dessau,  1785. 

•*  G.  0.  S.  Lasius,  Beohachf  iniyen  uher  die  Harzyehinje,  Hanover,  1789. 
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wet  and  possessed  little  solidity  or  coherence,  so  that  when  the 
accumulation  had  attained  a  certain  height  it  yielded  to  its  weight, 
sank,  and  cracked.  In  proportion  as  the  waters  which  had  pre- 
viously assisted  to  support  such  an  accumulation  had  partially  retired, 
the  masses,  losing  their  previous  support,  yielded  to  the  action  of 
gravitation,  and  portions  of  the  mountain  thus  became  detached, 
falling  to  the  '"'  free  side,"  where  the  least  resistance  was  opposed. 
The  cracking  of  a  mountain  mass  by  dessication,  by  earthquakes, 
or  by  other  similar  causes,  may  also  have  contributed  to  the  for- 
mation of  rents  of  this  character. 

The  same  precipitation  which  in  the  humid  way  formed  the 
strata  and  beds  of  the  rock  also  furnished  the  substance  of  mineral 
veins.  This  took  place  during  the  period  when  the  solution,  from 
which  the  precipitate  was  deposited,  covered  the  already  existing 
fissures,  the  upper  portions  of  which  were,  as  yet,  open,  and  wholly 
or  in  part  empty. 

The  various  theories  which  have  at  different  times  been  brought 
forward  to  account  for  the  formation  of  metalliferous  veins,  admit 
of  being  classified  as  follows  : — 

1.  Theory  of  Contemporaneous  Formation. 

2.  „  Igneous  Injection. 

3.  „  Electric  Currents. 

4.  „  Aqueous  Deposition  from  above. 

5.  „  Sublimation. 

6.  ,,  Lateral  Secretion. 

7.  ,,  Ascension, 

1.  Theory  of  Contemporaneous  Formation. — This  theory  sup- 
poses that  mineral  veins  originated  contemporaneously  with  the 
enclosing  rock,  and  they  are  regarded  as  mere  accidental  pheno- 
mena governed  by  no  fixed  laAvs  of  formation.  This  hypothesis  is 
at  variance  with  all  known  facts  relating  to  the  subject,  and  may 
consequently  be  dismissed  without  further  consideration. 

2.  Theory  of  Igneous  Injection. — According  to  this  theory,  whicli 
is  generally  adopted  with  regard  to  dykes  of  igneous  rocks,  the 
constituents  of  metalliferous  veins,  under  the  influence  of  intense 
heat  and  pressure,  and  when  in  a  more  or  less  fluid  state,  have 
been  ejected  from  below  into  cracks  and  fissures  in  the  superincum- 
bent strata.  Examples  of  the  occurrence  of  metalliferous  matter 
disseminated  through  eruptive  rocks  are  by  no  means  uncommon, 
but  this  theory  entirely  fails  to  account  for  many  of  the  commonest 
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and  most  characteristic  phenomena  which  are  observed  in  connec- 
tion with  mineral  veins.  The  comby  structure  of  lodes,  and  the 
changes  which  occur  in  their  character  when  they  pass  from  one 
series  of  rocks  into  another,  are  not  only  quite  incapable  of 
explanation  by  this  theory ;  but,  moreover,  had  veins  been  generally 
thus  formed,  a  tendency  would  probably  have  been  manifested  by 
the  heavier  ores  and  metals  to  arrange  themselves  in  the  lowest 
portions  of  the  lodes  in  which  they  occur. 

In  some  of  the  limestone  coals  of  the  north  of  England,  small 
veins  of  galena,  sometimes  almost  pure,  sometimes  containing  in 
addition  calcite,  barytes,  and  more  rarely  iron  pyrites  and  quartz, 
occur   actuallv   traversino-   the    coal    seams.      Fio-.  45  is    a    cross 


Scale  5  feet  to  i  inch. 

Fig.  45.— Section  of  lead  vein  iu  Shilbdttle  Colliery. 


section  of  such  an  occurrence  at  Shilbottle  Colliery  in  North- 
umberland, where  a  vein  of  lead  ore  is  found  filling  a  narrow 
fissure  which  is  accompanied  by  a  small  fault.  In  the  coal  itself  the 
vein  filling  consists  of  galena  and  a  little  calcite,  whilst  in  the 
underclay  beneath  the  seam  it  carries  chiefly  calcite,  cpiartz,  and 
iron  pyrites.  The  coal  is  bright,  firm,  and  quite  unaltered,  unless 
perhaps  rather  more  tender  close  to  the  lead  vein  of  Avhich  it 
forms  the  walls.  It  is  evident  that  if  this  vein  had  been  formed 
by  the  injection  of  molten  galena,  the  coal  in  contact  with  it  must 
have  been  more  or  less  coked  or  cindered,  as  commonly  happens 
Avhen  a  coal  seam  is  intersected  by  an  igneous  dyke. 

The  veins  of"  Lake  Superior,  which  annually  yield  such  large 
quantities  of  native  coi^per,  have  been  cited  as  affording  examples- 
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of  veins  produced  by  igneous  injection  ;  but  metallic  copper  is 
there  found  associated  with  metallic  silver,  whereas,  had  the  veins 
been  the  result  of  igneous  fusion,  an  alloy  of  the  two  metals  would 
certainly  have  been  formed.^  In  the  same  region  crystals  of  pure 
silver  deposited  on  the  surface  of  masses  of  native  copper  are  by 
no  means  of  nnfrequent  occurrence.  In  these  lodes,  moreover, 
native  copper  is  found  enclosed  in  crystals  of  calcite  and  in  other 
minerals,  where  it  must  evidently  have  been  deposited,  with  the 
other  constituents  of  the  crj^stalline  mass,  from  aqueous  solution. 

There  is,  however,  distinct  evidence  that  many  igneous  rocks 
contain,  disseminated  through  them,  minute  quantities  of  various 
compounds  of  the  heavy  metals,  and  in  some  cases  these  may  have 
been  dissolved  out  and  the  metals  again  thrown  down  in  such  a 
way  as  to  form  valuable  metalliferous  deposits.  The  so-called 
mullock  reins  of  Australia  and  elsewhere  are  examples  of  eruptive 
dykes  which,  having  become  decomposed,  the  originally  dis- 
seminated gold  and  silver  have,  with  c[uartz  and  other  minerals, 
been  deposited  in  the  joints  and  fissures  of  the  rock.  There  seems 
to  be  little  doubt  but  that  some  deposits  have  been  formed  by 
segregation,  either  of  large  masses  or  of  minute  particles  of  metal- 
liferous minerals,  from  igneous  rocks. 

Although  unaltered  dykes  of  this  kind  are  not  often,  if  ever, 
sufficiently  rich  to  be  classed  with  metalliferous  deposits,  it  is  by 
no  means  improbable  that  richer  intrusions  may  exceptionally 
occur,  and  that  some  of  the  so-called  eruptive  lodes  at  Schemnitz 
and  other  localities  may  directly  owe  their  origin  to  eruptive 
agencies. 

8.  Theory  of  Electric  Currents. — Mr.  R.  W.  Fox  after  having 
ascertained  the  existence  of  electric  currents  in  many  of  the 
metalliferous  veins  of  Cornwall,  suggested  the  probability  of  this 
force  having  acted  on  various  metallic  chlorides  and  sulphides 
dissolved  in  the  waters  traversing  vein  fissures,  in  such  a  way 
as  to  determine  the  mode  of  the  distribution  of  the  ores  therein. 
He  also  endeavoured  to  account  for  the  prevalence  of  an  easterly 
and  westerly  direction  in  the  principal  lodes  of  Cornwall  by  their 
position  in  relation  to  the  earth's  magnetism.  A  similar  theory 
was  put  forward  by  John  Leithart  -  in  1838  as  the  result  of  his 
observations  in  the  Alston  Moor  district ;  he  held  that  fissures 
were  formed  by  electricity  in  a  manner  analogous  to  the  produc- 

^  J.  S.  NewbeiTy,  "  The  Origin  and  Classification  of  Ore  Deposits,"  School  of 
Mines  Quarterly,  March,  1880,  New  York. 

2  Practical  Observations  on  Mineral  Veins,  18.38. 
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tion  of  fractures  by  lightning  and  electrical  discbarges  ;  that  tbese 
fissures  were  filled  partly  by  "  transmvitive  "  action  on  the  walls  of 
the  fissure,  and  partly  by  the  introduction  of  foreign  matter,  both 
effects  being  the  result  of  electrical  action  ;  he  quoted  the  fact 
that  north  and  south  veins  in  the  Alston  Moor  district  are  less 
metalliferous  than  east  and  west  veins  as  a  proof  of  his  theory. 
His  electrical  theories  apart,  there  is  much  in  his  writings  that 
seems  to  foreshadow  some  of  the  modern  views  respecting  vein 
formation. 

Weighty  objections  to  these  electrical  theories  have,  however, 
been  j)ointed  out  by  W.  J.  Henwood  and  others,  and  observed 
facts  ajDpear  to  indicate  that  the  general  direction  of  veins  differs 
so  entirely  in  different  mining  districts  that  their  course  probably 
depends  rather  on  lines  of  fracture,  produced  by  plutonic,  volcanic, 
or  other  agencies,  than  on  the  action  of  electric  currents.  Professor 
Reich,  who  repeated  the  experiments  of  Fox,  also  obtained  a 
deflection  of  the  magnetic  needle  when  he  connected  two  portions 
of  the  same  lode  by  means  of  conducting  wires.  He,  however, 
very  clearly  explains  this  as  the  effect  of  the  contact  of  various 
ores  composing  isolated  bunches,  separated  by  sterile  veinstone 
which  acts  as  a  moist  conductor.  By  connecting  points  free  from 
ore,  Reich  was  unable  to  obtain  the  slightest  deviation  of  the 
needle,  and  although  the  chemical  changes  which  are  continually 
taking  place  in  exposed  masses  of  ore  give  rise  to  electric  currents, 
it  by  no  ineans  follows  that  the  original  distribution  of  the  same 
ore  was  due  to  the  agenc}^  of  electricity. 

4.  Theory  of  Aqueous  Deposition  from  above. — This  was  first 
advanced  by  Werner,  Avho  supposes  the  contents  of  mineral  veins 
to  have  been  deposited  from  metalliferous  solutions  which  flowed 
from  above  into  the  fissures.  If,  however,  fluids  containing  metal- 
liferous substances  at  any  period  actually  covered  the  surface, 
there  would  appear  to  be  no  reason  why  they  should  have  de- 
posited their  contents  in  fissures  rather  than  elsewhere.  Besides 
which,  if  the  deposition  of  vein  matter  took  place  in  the  way 
supposed,  we  might  expect  to  find  at  least  some  portion  of  the 
veinstone  stratified  horizontally,  which  in  true  veins  is  never  seen 
to  be  the  case.  Many  conclusive  reasons  against  the  ideas  promul- 
gated by  Werner  might,  if  necessary,  be  brought  forward,  but  his 
views  with  regard  to  the  origin  of  veins  have  long  ceased  to  carry 
the  weight  once  attached  to  them,  and  are  now  very  generally 
abandoned. 

Mr.   Wallace,  in  his  work   on   The  Laws  vjhich  Regulate  the 
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Deposition  of  Lead  Ore  in  Veins,^  which  laws,  although  having 
special  reference  to  the  Alston  Moor  district,  are  advanced  by  him 
as  explaining  ore  deposits  in  veins  generally,  appears  to  adopt  to 
some  extent  the  views  of  Werner  with  certain  additions  and  modi- 
fications. He  states  that  all  the  lead  veins  of  that  part  of  England 
are  most  productive  where  furthest  removed  from  seats  of  plutonic 
action,  the  richest  deposits  being  in  the  upper  jsart  of  the  Car- 
boniferous Limestone  where  no  igneous  rocks  are  found,  and  that 
there  is  nothing  in  that  district  to  support  the  theory  that  lead  ore 
is  due  either  to  exhalations  from  below  or  to  matter  injected  in  a 
fluid  state  among  the  consolidated  sedimentary  rocks.  On  the 
contrary,  he  thiuks  a  more  probable  cause  of  the  deposits  of  lead 
ore  in  Alston  Moor  may  be  traced  to  segregations  resulting  from 
the  decomposition  of  the  wall  rocks  of  the  veins  in  Avhich  lead 
ore  is  found. 

In  adopting  the  doctrine  of  segregation,  he  proposes  to  combine 
it  with  another  cause  without  which  there  would,  he  believes,  be 
no  important  deposit  of  minerals,  namely,  that  of  recent  atmo- 
spheric agencies.  Without  the  passage  of  large  bodies  of  water, 
derived  from  the  rainfall  of  the  district,  from  the  surface  down- 
Avards,  and  their  free  circulation  in  the  veins,  he  maintains  that  the 
conditions  would  not  be  favourable  to  the  deposition  of  minerals. 
He  states  also  that  in  all  cases  such  deposits  are  found  only  where 
fluids  percolate  freely  from  the  surface  and  circulate  through  the 
veins,  and  that  such  conditions  only  occur  in  strata  situated  at 
moderate  depths,  and  at  a  considerable  distance  from  the  surface 
watershed.  He  believes  these  agents,  combined  with  electrical 
action,  to  have  been  the  means  of  extracting  the  minerals  from 
the  neighbouring  rocks,  that  this  operation  is  still  in  progress,  and 
that  the  filling  of  vein  fissures  has  been  entirely  accomplished 
since  the  Glacial  period. 

The  theory  of  aqueous  deposition  from  above  has  still  more 
recently  been  advocated  by  Professor  Stewart,  of  Nevada,  but 
Mr.  J.  S.  Newberry,  who  has  devoted  a  long  time  to  the  study  of 
the  ore  deposits  of  the  Western  States  of  America,  considers  that 
this  theory  is  not  only  not  sustained,  but,  on  the  contrary',  is 
disproved,  by  the  statements  brought  forward. 

5.  Theory  of  Suhlimation. — According  to  the  theory  of  sub- 
limation, vein  fissures  were  filled  by  the  volatilization  of  metal- 
liferous minerals  derived  from  the  ignited  interior   of  the  globe. 

^  W.  Wallace,  The  Lairs  n-hirh  Rfyidafe  the  Deitoaition  of  Lead  Ore  in  Veins  ; 
Illustrated  by  the  Mininy  Districts  of  Alston  Moor,  London,  1861. 
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Durocher  ^  considers  the  unequal  distribution  of  the  ores  in  all 
lodes  as  strongly  confirmatory  of  the  hypothesis  of  their  formation 
by  this  agency.  He  believes  that  ores  can  only  have  been  so 
distributed  by  the  action  of  currents  of  dissimilar  gases  or  vapours 
circulating  throuoh  the  fissures  in  the  veinstone.  Of  these  he 
distinguishes  two  kinds,  namely,  metallic  vapours,  emanations 
motrices,  and  vapours  of  sulphur  and  other  mineralisers,  which  he 
designates  Emanations  fixatriccs.  These,  when  they  circulate 
through  different  fissures  without  meeting,  or  through  the  same 
fissures  at  different  periods,  produce  no  result,  but,  when  they  meet 
together,  give  rise  to  various  metalliferous  dej^osits.  Numerous 
exjDerimenters  have  shown  the  possibility  of  producing  by  such 
means  many  of  the  ores  which  occur  in  metalliferous  veins,  and 
deposits  of  magnetite  and  specular  iron  ore  produced  by  the 
decomposition  of  chlorides  of  iron  by  watery  vapour  in  the  fissures 
of  volcanic  rocks,  afford  well-known  examples  of  the  natural 
production  of  minerals  by  reactions  of  this  class. 

Plattner  long  ago  observed  the  formation,  by  sublimation,  of 
magnetite  and  galena  in  the  Freiberg  furnaces,  and  Daubree "  has 
succeeded  by  the  aid  of  chlorine,  fluorine,  &c.,  in  producing  by 
sublimation  tin  oxide  and  oxide  of  titanium  {sec  also  page  146). 
Similar  results  were  obtained  by  Durocher,  who  passed  metallic 
vapours,  &c.,  through  heated  glass  tubes,  and  thus  caused  the 
formation  of  blende,  pyrites,  galena,  and  various  other  metallic 
sulphides.^  Evidence  in  favour  of  the  theory  of  sublimation  has, 
by  some  geologists,  been  sujDposed  to  be  furnished  b}^  the  position 
of  metalliferous  particles  found  on  the  under  sides  of  crystals 
lining  the  walls  of  certain  lodes,  as  at  Nagyag,  in  Transylvania, 
where  metallic  arsenic  has  been  deposited  on  the  lower  faces  only 
of  crystals  of  diallogite. 

Such  phenomena  are,  however,  of  comparatively  rare  occur- 
rence, and  will  in  no  way  account  for  the  existence  of  the  earthy 
minerals  which  constitute  the  larger  proportion  of  the  filling  of 
nearly  all  large  veins.  It  is  impossible  also  to  account  by  this 
means,  either  for  the  variations  wdiich  take  place  in  the  character 
of  lodes  on  passing  from  one  rock  into  another,  or  for  many  of 
the  complicated  phenomena  exhibited  by  veins  at  their  intersections 
with  one  another. 

In  the  case  of  some  irregular  deposits  where  large  masses  have 

'   ComjAes  rendm  cle  VAcademie  des  Sciences,  xxviii.  1849,  p.  607. 
-  Comp.  rend.,  xxix.  1849,  p.  227. 
3  Comp.  rend.,  xxxii.  1851,  p.  823;  xlii.  1856,  p.  850. 
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become  impregnated  by  a  metalliferous  mineral,  as  especiall}" 
exemplified  in  certain  mercury  mines,  it  is  perhaps  not  improbable 
that  the  diffusion  of  the  ore  may  have  been  partially  effected  by 
sublimation.  The  deposition  of  cinnabar,  iron  pyrites,  and  even 
gold,  from  the  mingled  steam  and  water  of  some  of  the  geysers  of 
California  would  indicate  the  possibility  of  such  impregnations 
taking  place,  but,  in  the  present  state  of  our  knowledge  of  the 
subject,  it  would  aj^pear  improbable  that  the  silica  which  usually 
forms  so  large  a  proportion  of  veinstones,  and  frequently  occurs 
in  combs  of  interlocking  crystals,  should  have  been  dej^osited 
otherwise  than  from  aqueous  solution.  It  is  therefore  probable 
that,  although  sublimation  may  sometimes  have  contributed  to 
the  impregnation  of  rocks  by  cinnabar  and  other  minerals,  its 
action  must  have  been  of  secondary  importance  in  the  formation 
of  regular  metalliferous  veins. 

This  theory  has  recently  been  revived  in  a  somewhat  different 
form  by  Yogt,^  at  any  rate  as  far  as  the  formation  of  stanniferous 
deposits  is  concerned.  Starting  from  the  experiments  and  observa- 
tions of  Daubree  he  looks  upon  tin  deposits  as  having  been  pro- 
duced by  chemical  changes  caused  by  metallic  vapours  connected 
with  igneous  outbursts,  so  that  the  resulting  ores  might  meta- 
somatically  replace  other  minerals  and  not  be  necessarily  deposited 
in  open  fissures ;  he  uses  the  word  pneumatolysis  for  this  action. 

6.  Theory  of  Lateral  Secretion. — This  theory  teaches  that  water 
percolating  through  the  country  rock  has,  by  the  aid  of  carbonic 
acid  and  other  natural  solvents,  dissolved  out  of  it  all  the  materials- 
now  forming  the  constituents  of  mineral  veins.  Delius,  Gerhard, 
and  Lasius  held  that  this  explanation  Avas  that  most  in  accordance 
with  observed  facts,  and  more  recently  Bischof  endeavoured  to 
found  this  hypothesis  upon  more  scientific  grounds.  He,  however, 
appears  to  have  failed  to  seek  for  the  constituents  of  the  different 
ores,  found  in  veins,  in  the  surrounding  rocks,  but  suggests 
the  possibility  of  their  being  found  there  if  sought  for,  at  the 
same  time  remarking  that  the  proof  of  this  was  nevertheless 
wanting. 

About  the  year  1873,  Professor  Sandberger,  of  the  University 

of  Wlirzburg,  began  to  direct  his  attention  to  a  chemical  examina- 

I   tion  of  the  relations  existing  between  the  mineralogical  contents 

j   of  mineral  veins  and  the  nature  of  the  rocks  which  they  traverse. 

^  J.  H.  L.  Vogt,  "  Beitriige  zur  genetischen  Classification  der  durch  mag- 
nuitische  Dififerentiations-processe  und  der  durch  Piieumatolyse  entstandenen 
l-:rzvorkomnien,"  Zeifschf.  Prakt.  Geol.,  1894,  p.  381. 
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Although  some  of  the  more  common  heavy  metals  had  previously 
been  discovered  in  various  crystalline  and  other  rocks,  this 
was  the  first  systematic  attempt  to  study  the  effects  produced 
upon  veins  by  the  country  rock  through  which  they  pass.  For 
the  purpose  of  this  investigation  the  north-eastern  portion  of 
the  Black  Forest  in  the  neighbourhood  of  Schapbach,  Wittichen- 
Reinerzau,  and  Wolfach,  was  selected,  this  being  a  district  with 
which  the  Professor  had  been  long  and  intimately  acquainted. 
The  lodes  in  this  region,  although  situated  at  short  distances 
only  from  one  another,  exhibit  very  remarkable  differences,  which 
are  most  strongly  marked  on  their  passing  from  one  description 
of  rock  into  another ;  the  same  change,  although  in  a  less  degree, 
however,  is  also  noticeable  on  the  passage  of  a  lode  from  one 
variety  of  gneiss  into  another  somewhat  differing  from  it  in 
character. 

Quantitative  analyses  were  carefully  made  of  ores,  vein- 
stones, and  country  rocks,  the  latter  being  subjected  to  general 
analysis.  These  investigations  resulted  in  the  derivation  of  the 
veinstones  from  the  country  rock  being  clearly  established,  but 
the  origin  of  the  associated  metalliferous  minerals  still  remained 
without  explanation.  As,  however,  it  became  more  and  more 
evident  that  substances  so  constantly  associated  as  ores  and 
veinstones  must  have  had  a  common  origin,  a  new  method  of 
investigation  was  finally  adopted.  Instead  of  operating  upon  a 
large  quantity  of  rock,  and  making  a  general  analysis  of  it,  as 
had  been  done  by  Forchhammer,  the  crystallised  constituent 
silicates,  such  as  olivine,  augite,  hornblende  and  mica,  were 
carefully  isolated  and  subjected  to  analysis,  the  quantity  treated 
in  each  case  being  not  less  than  ten  grammes.  In  this  way, 
with  the  exception  of  tellurium,  gold,  and  mercury,  which  from 
want  of  the  necessary  appliances  were  not  sought  for,  all  the 
elements  usually  occurring  in  metalliferous  veins  were  found  in 
appreciable  quantities. 

The  cause  of  the  differences  which  occur  in  the  contents  of 
veins,  which  although  near  one  another  traverse  different  rocks, 
was  also  explained  to  the  satisfaction  of  the  investigator,  who 
subsequently  satisfied  himself  that  the  heavy  metals  occur  in  the 
silicates  of  crystalline  rocks  of  every  geological  age.^ 

Sandberger  has  since   extended  his  investigations  over  very 
considerable  areas,  and  has  thus  been  enabled  to  arrive  at  certain 
o-eneral  and  very  important  conclusions.     In  the  case  of  olivine, 
1  Fridolin  Sandberger,  Untersuchunyen  itber  Erzyange,  Part  I.  p.  23. 
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augite,  hornblende,  or  mica,  from  ten  to  twenty  grammes  will 
be  found  a  sufficient  amount  for  quantitative  analysis.  In  olivine, 
iron,  nickel,  copper,  and  cobalt  were  constantly  recognised,  but 
the  latter  metal  in  very  small  quantities.  The  same  may 
be  said  with  regard  to  augites,  especially  those  of  the  gabbros, 
diabases,  melaphyres,  augite-porphyries,  augite-andesites,  and 
basalts.  Copper,  cobalt  and  iron  occur  in  the  augite  of  these 
rocks  in  notable  quantities,  and  nickel,  lead,  tin  and  zinc  are  also 
frequently  present.  Antimony  and  arsenic  have  hitherto  been 
detected  in  certain  localities  only,  but  when  present  these  metals 
are  generally  found  in  considerable  quantity,  as,  for  example,  in 
the  diabases  of  St.  Andreasberg  in  the  Harz,  in  which  antimony  . 
is  associated  with  lead.  Hornblende  from  the  older  hornblendic 
rocks  constantly  contains  copper,  arsenic,  and  cobalt,  and  along 
with  these  very  distinct  indications  of  nickel.  Hornblende 
from  the  more  recent  rocks  contains  the  same  metals,  but  in 
addition  to  them  lead,  antimony,  and  tin,  with  occasionally  zinc 
and  bismuth. 

The  largest  number  of  hitherto  undetected  heavy  metals  is, 
however,  found  in  micas,  the  researches  on  this  group  having  been 
carried  so  far  that  they  may  now,  to  some  extent,  be  classified 
in  accordance  with  the  preponderance  of  certain  metallic  elements. 
All  lithia  micas,  even  when  derived  from  the  most  varied  localities 
both  in  Europe  and  America,  are  stanniferous,  and  they  usually 
also  contain  arsenic,  copper,  bismuth,  and  sometimes  uranium. 
True  muscovites  are  the  micas  poorest  in  heavy  metals,  although 
copper  is  seldom  entirely  absent.  The  black  micas  from  the  older 
gneiss  of  the  Erzgebirge,  contain  arsenic,  lead,  zinc,  and  a  little 
copper,  and  the  same  applies  to  those  of  the  southern  Black  Forest, 
while  the  black  mica  from  the  Spessart  contains  copper,  cobalt, 
nickel,  and  bismuth.  Arsenic,  lead,  and  zinc  are  found  in  the  dark 
mica  from  the  propylite  of  Schemnitz,  and  in  the  rubellan  of 
Polma,  near  the  boundary  of  Saxony  and  Bohemia. 

Attention  is  called  by  Sandberger  to  the  fact  that  both  baryta 
and  lime  are  present  in  various  felspars  as  well  as  in  the  minerals 
with  which  they  are  associated,  and  that  fluorine  occurs  in  many 
micas.  The  decomposition  of  such  minerals  will  therefore  yield 
the  materials  for  the  formation  of  many  varieties  of  veinstone,  while 
the  liberated  silica  will  be  deposited  in  the  form  of  quartz. 

Organic  matter  is  sometimes  present  in  considerable  quantities 
in  metalliferous  veins,  not  only  in  the  form  of  carbonic  acid,  but 
also  as  graphite  and  anthracite,  as  at  Schneeberg  and  elsewhere. 

K  2 
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It  also  occurs  as  the  colouring  matter  of  fluor  spar  and  of  smoky- 
quartz.  This,  it  is  argued  by  the  sujaporters  of  the  theory  of 
lateral  secretion,  will  be  found  whenever  the  amount  originally 
present  has  been  more  than  sufficient  to  transform  the  metallic 
sulphates  into  sulphides,  &c. 

Lodes  however  occur  not  only  in  crystalline  rocks,  but  also  in 
semi-crystalline  strata,  &c.,  and  according  to  this  theory  the  ores 
of  such  veins  may  be  derived  from  three  sources,  namely,  from  the 
incompletely  decomposed  remains  of  metalliferous  silicates  derived 
from  the  original  crystalline  rocks,  from  solution-products  of  older 
veins,  and,  finally,  under  special  circumstances,  from  traces  of  the 
metals  which  are  contained  in  sea  water.  The  last  source  will 
probably  have  directly  supplied  only  a  limited  number  of  deposits. 

It  has  however  been  shown  that  the  fresh  mother-liquors  from 
the  salterns  of  the  Mediterranean  contain  sufficient  copper  to  be 
recognisable  in  5  cc.  of  the  liquid,  at  which  rate  one  cubic  metre 
of  the  water  of  that  sea  will  contain  at  least  O'Ol  grm.  of  coj)per. 
The  black  and  usually  very  sulphurous  matter  deposited  in  basins 
where  sea  water  has  been  left  to  itself,  constantly  contains  copper, 
and  the  same  is  generally  true  with  regard  to  the  dark-coloured 
gypseous  muds  of  all  ages.  The  coj)per  schists  of  Mansfeld  contain 
organic  matter  in  considerable  quantity,  together  with  copper,  and 
ammoniacal  salts  equivalent  to  0'000816  grm.  of  ammonia  per 
kilogr.  of  rock,  easily  recognisable  in  a  few  grms.  Lithia  is  also 
present  in  sufficient  amount  to  produce  a  very  brilliant  spectral 
line.  These  associations  are  exactly  similar  to  those  which  occur 
in  modern  estuarine  muds.^ 

According  to  recent  analyses,  the  phyllites  of  the  Erzgebirge 
and  Fichtelgebirge  are  by  no  means  rich  in  the  heavy  metals,  but 
if  a  sufficient  amount  of  the  rock  be  operated  upon,  their  presence 
can  always  be  detected.  The  dark-gray  phyllite  of  Schneeberg 
contains  arsenic,  cobalt,  and  nickel ;  while  the  Cambrian  schists  of 
Goldkronach  afford  arsenic,  antimon}^,  and  lead.  The  sericite 
schists  of  the  Taunus  yield  from  0'05  to  0'06  per  cent,  of  cupric 
oxide. 

Stratified  rocks  of  purely  neptunian  origin,  with  the  exception 
of  limestoaes,  consist  chiefl}'  of  the  debris,  in  a  more  or  less 
finely-divided  state,  of  older  crystalline  rocks.  It  is  not  to  be 
expected  that  they  will  not  have  lost  a  portion  of  the  heavy  metals 
originally  contained  in  the  rocks  from  which  they  were  derived, 
but  some  one  or  more  of  them  may  nevertheless  be  almost  always 
^  L.  Dieulafait,  Revue  univeraeUe  des  Mines,  vii.  1880,  p.  425. 
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detected.  H.  Frick  ^  first  detected  the  presence  of  oxide  of  copper 
in  clay  slates ;  and  by  operating  upon  1  lb.  of  roofing  slate  from 
Bangor,  North  Wales,  Forchhammer-  obtained  a  large  quantity 
•of  lead,  in  addition  to  copper  and  zinc. 

Bischof,  many  years  since,  expressed  the  opinion  that  if  properly 
looked  for,  copper  would  be  found  in  all  clay  slates,  and  subsequent 
investigation  appears  to  go  far  in  support  of  this  view.^  Sand- 
berger  discovered  copper,  zinc,  lead,  arsenic,  antimony,  tin,  cobalt, 
and  nickel  in  clay  slates  from  the  neighbourhood  of  Holzappel,  as 
well  as  in  those  from  Ems,  and  from  Schulenberg,  near  Clausthal. 
Titanic  and  phosphoric  acids  also  appear  to  be  everywhere  present 
in  small  quantities.  Many  rocks  of  New  Red  Sandstone  age  con- 
tain lead  and  copper.  Lead,  copper,  arsenic  and  cobalt  occur,  in 
Germany,  in  the  clay  slates  of  the  lower  Keuper.  The  bituminous, 
marly  slates  of  Raibl,  in  Carinthia,  are  rich  in  lead  and  zinc ;  but 
these  metals  are  only  obtained  after  fusion  with  an  alkali,  showing 
that  they  are  present  in  the  form  of  silicates  only. 

These  investigations  which  have  resulted  in  demonstrating  the 
almost  universal  presence  of  heavy  metals  in  rocks  belonging  to 
every  geological  period,  tend  greatly  to  enlarge  our  views  on  the 
subject  of  metalliferous  deposits.  It  is  undoubtedly  possible  that 
the  filling  of  veins  has  often  been  derived,  in  a  state  of  chemical 
solution,  from  the  surrounding  country  rock,  and  the  theory  of 
lateral  secretion  appears  to  explain  more  satisfactorily  than  any 
other,  certain  phenomena  not  otherwise  easily  understood.  It, 
moreover,  not  only  accounts  in  a  satisfactory  way  for  the  changes 
which  take  place  in  metalliferous  veins  when  passing  from  one 
formation  into  another,  but  it  also  affords  a  reasonable  explanation 
for  the  fact  that  shoots  of  ore  usually  follow  the  dip  of  the  enclosing- 
rocks. 

It  has  been  suggested  by  various  geologists  that  certain  strata, 
instead  of  being  richer  than  others  in  metals,  may  possess  a  com- 
position enabling  them  to  act  more  efficiently  in  decomposing 
metalliferous  solutions  derived  from  other  sources,  and  in  depositing 
their  contents  in  the  form  of  ores.  This  reaction  may  perhaps 
.sometimes  influence  the  ore-bearing  portions  of  a  lode,  but  its 
importance  may  be  regarded  as  secondary  to  the  influence  of  the 
metalliferous  contents  of  the  rocks  themselves. 

^  Potjgend.  Annal.  xxxv.,  183.5,  p.  19.3. 
•'  Ihul.,  xcv.  1855,  p.  70. 

^  G.  Bischof,  Lahrhitrh  der  rhtjuiwheu  mid  2Jhi/dkalisrhen  Geoloyie,  1847,  ii. 
p.  190U.     English  Translation,  iii.  18.59,  p.  122. 
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Among  the  objections  wliich  have  at  various  times  been  ad- 
vanced against  this  theory  may  be  mentioned  the  facts  that 
different  sets  of  fissures  traversing  the  same  formations  often 
contain  very  different  ores,  and  that  when  rocks  of  totally  different 
character  are  brought  by  faulting  to  form  opposite  walls  of  a 
fissure,  the  ore  may  be,  nevertheless,  symmetrically  deposited  in 
corresponding  layers.  It  may  likewise  be  remarked  that  the  same 
fissure  frequently  traverses  several  formations,  and  the  character 
of  the  vein  may  throughout  be  essentially  the  same.  It  cannot 
however  be  doubted  that  the  formation  of  lodes  has  been  a  long 
and  complicated  jDrocess,  all  the  phenomena  connected  with  which 
are  not  capable  of  explanation  by  any  one  cause. 

Sandberger's  theory  has  recently  been  adopted  more  or  less  com- 
pletely by  various  American  writers ;  thus  Emmons  ^  describes  in 
detail  the  mode  in  which  he  considers  the  Leadville  ore  deposits 
to  have  been  produced,  and  thus  summarises  his  views  on  the 
formation  of  ore  deposits  in  general : — 

"  1.  Ore  deposits  have  been  deposited  from  solution,  rarely  in 
open  cavities,  most  frequently  by  metasomatic  interchange. 

"  2.  Solutions  do  not  necessarily  come  directly  upwards,  but 
simply  follow  the  easiest  channels  of  approach. 

"  3.  The  material  was  derived  from  sources  within  limited  and 
conceivable  distance,  very  often  the  older  intrusive  K)cks." 

On  the  other  hand,  this  theory  has  been  opposed  by  Blow,- 
who  believes : 

"That  the  (Leadville)  ore  deposits  were  formed  through  a 
molecular  substitution  and  replacement  of  the  dolomitic  lime- 
stone by  hot  alkaline  mineral-bearing  solutions  coming  from  helovj, 
or  by  metal-bearing  Avaters  and  vapours  from  solfataric  action 
following  the  ejection  of  the  dyke  porphyries,  and  consequent 
thereupon." 

He  concludes  by  pointing  out  that  whilst  it  is  impossible  to 
demonstrate  by  direct  proof  that  the  mineral-bearing  solutions 
came  from  below,  yet  that  a  consideration  of  all  the  phenomena 
makes  it  appear  that  there  is  but  one  source  from  which  these 
solutions  could  be  derived,  namely,  from  below,  and  that  such 
ore  deposits  were  formed  from  hot  metal-bearing  solutions  and 
vapours,  which  were  forced  up  from  the  same  deep  regions  and  in 

^  S.  F.  Emmons,  "The  Genesis  of  Certain  Ore  Deposits,"  Trans.  Amer.  Inst, 
Min.  Eny.,  xv.  1886,  p.  125. 

'^  A.  A.  Blow,  "The  Geology  and  Ore  Deposits  of  Iron  Hill,  Leadville 
Colorado,"  Trans.  Amer.  Inst.  Min.  Euf/.,  xviii.  1889,  p.  145. 
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the  same  manner  as  the  intrusive  dyke  porphyries.     These  views 
will  be  considered  more  in  detail  under  the  next  head,  the  theory 
of  ascension,  but  meanwhile  it  may  be  noted  that  Emmons  still 
maintains    his    views,    as    shown    by    his   recent    paper    on    the 
"Geological  Distribution  of  the   Useful   Metals   in   the   United 
States,"  ^  in  the  course  of   which  he   states  that  "  Chemical  in- 
vestigation  of  many  eruptive  rocks  has  detected  the  presence  of 
gold  and  silver  under  such  conditions  as  to  leave  little  doubt  that 
they  were  original  constituents  of  the  rocks " ;    and  again,  "  For 
the  original  source  of  lead  and  zinc  there  seems  no  valid  reason 
why  we  should  not  look  to  the  massive  eruptive  rocks  as  in  the 
case  of  other  metals,"      In  a  discussion  upon  a  paper  of  Prof. 
Posepny's,  to  which  reference  will  be  made  presently,  Emmons^ 
strongly    emphasises    his    continued    adherence    to    the    lateral 
secretion    theory,  although  he   takes  care  to  point  out  that  the 
lateral  secretion  theory  which  he  and  American  geologists  of  his 
school   hold,  is    a   much    broader    one    than    that    originally   put 
forward  by  Sandberger,  in  that  the  former  includes  the  derivation 
of  mineral  constituents  from  rocks  within  reasonable  proximity  as 
opposed  to  unknown  depths,  whilst  the  latter  derives  them  from 
the  immediate  walls  of  the  veins ;  the  exact  direction  in  which 
the  current  of  solution  happens  to   be   moving   at    the   time   of 
deposition  being  a  matter  of  secondary  importance  according  to 
this  view.     Besides  him,  a  number  of  other  American  geologists, 
such  as  Blake,  Winslow,  and  Le  Conte,  in  the  same  discussion 
advocated    more    or    le.ss    pronounced    lateral-secretionist   views., 
although  they  are  not  the  extreme  views  originally  propounded 
by  Sandberger,  but   rather   the  modified   views  of  Emmons   as 
enunciated  above. 

Another  American  geologist  of  the  same  school  is  Becker,  who 
has  made  a  most  careful  examination  of  the  deposits  at  Steamboat 
Springs  and  Sulphur  Banks  {see  page  115),  two  localities  which 
many  ascensionists  consider  to  afford  almost  demonstrative 
evidence  of  the  correctness  of  their  views.  Becker,  however,  does 
not  share  this  opinion,  and  states  his  conclusions  on  the  subject 
as  follows :  "  I  regard  many  of  the  gold  veins  of  California  as 
having  an  origin  entirely  similar  to  that  of  the  quicksilver 
deposits.  .  .  .  The  evidence  is  overwhelming  that  the  cinnabar, 
pyrite  and  gold  of  the  quicksilver  mines  of  the  Pacific  slope 
reached  their  present  positions  in  hot  solutions  of  double  sulphides, 

^  Trans.  Amer.  Inst.  Min.  Eny.,  xxii.  1893,  p.  53. 
2  Trans.  Amer.  Inst.  Min.  Eny.,  xxiii.  1893,  p.  597. 
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which  were  leached  out  from  masses  underlying  the  granite  and 
from  the  granite  itself."  ^ 

If  the  term  lateral  sccixtion  be  employed  in  this  modern,  some- 
what extended  sense,  and  it  be  understood  to  imj^ly  that  the 
solution,  after  becoming  impregnated  by  its  passage  through  the 
rocks,  had  free  movement  in  the  fissure,  so  that  each  molecule 
was  not  deposited  where  it  issued  in  solution  from  the  country, 
this  theory  passes  directly  into  that  of  the  ascension  of  aqueous 
solutions,,  and  is  one  of  the  most  widely  held  at  the  present  day. 

7.   Theory  of  Ascension. — This  theory  in  its  earlier  form  sup- 
poses lodes  to  have  been  formed  in  part  only,  if  at  all,  of  minerals 
dissolved  out  of  rocks  in  the  immediate  horizon  of  their  several 
deposits  in  vein  fissures,  and  that  the  chief  portion  of  the  material 
has  been    derived    from   greater   depths   by    solvents   circulating 
through  the  fissures.     Accordino-  to  some  who  have  advocated  this 
theory,  sublimation,  either  with  or  without  steam,  has  also  assisted 
in  the  formation  of  metalliferous  veins.     The  increased  heat  and 
pressure,  due  to  great  depth,  will  greatly  facilitate  the  solution  of 
the  different  vein -forming  substances,  and  minerals  may  be  de- 
posited in  all  parts  of  the  fissure,  although  their  constituents  do 
not  exist  in  the  rocks  in  its  immediate  vicinity.     These  solutions 
will,  under  a  pressure  due  to  the  height  of  the  column,  penetrate 
more  or  less  deeply  into  the  surrounding  rocks,  and  may,  under 
certain  circumstances,  give  rise  to  their  impregnation  by  metalli- 
ferous   minerals.     By  the    same  agency   the    adjacent   rocks   are 
sometimes  softened  and  decomposed  to  a  considerable  distance  from 
the  lode  ;  or  the  country  rock  may,  on  the  contrary,  give  rise  to 
the  formation  of  capels  through  becoming  hardened  by  silification. 
Waters,  possessing  solvent  powers  vastly  increased  by  high  tem- 
perature and  great  pressure,  percolating  through  rocks  containing 
the    heavy  metals    will   gradually    remove    them,  by    lixiviation, 
together  with  other  mineral  substances,  and  these  will  again  be 
deposited  upon  the  sides  of  the  fissure  in  proportion  as  the  solvent 
power  of  the  menstruum  becomes  lessened  by  diminishing  tem- 
perature and  pressure.     On  the  other  hand,  it   is  probable   that 
minerals  diffused   in  rocks  comparatively  near  the   surface    may 
have    been    removed    by  solutions  which,  penetrating    into   vein 
fissures,  have  mingled  with  the  waters  circulating  through  them. 
With  regard  to  the  precise  chemical  reactions  which  take  place  in 
the  deposition  of  ores  in  mineral  veins  we  have  yet  much  to  learn, 

^  G.   F.  Becker,    "The  Geology  of  the   Quicksilver  Deposits  of   the  Pacific 
Slope,"  United  States  Geological  Survey,  xiii.  1888,  \).  449. 
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but  there  can  be  no  doubt  that  deposits  somewhat  akin  to  those 
of  true  veins  are  at  the  present  time  being  formed  by  the  action 
of  certain  thermal  springs. 

In  a  paper  before  referred  to  Newberry  strongly  advocates  tlie 
theory  of  aqueous  ascension,  and  appears  to  believe  that  no  other 
is  capable  of  explaining  all  the  various  phenomena  connected  with 
the  formation  of  lodes.  After  briefly  adverting  to  other  theories  he 
remarks  : — "  But  argument  is  really  wasted  in  a  discussion  of  the 
filling  of  fissure  veins,  since  we  have  examples  that  seem  to  settle 
the  question  in  favour  of  chemical  pi'ecipitation  from  ascending 
hot  Avater  and  steam.  In  the  Steamboat  Springs  of  Western 
Nevada,  for  example,  we  in  fact  catch  mineral  veins  in  the  process 
of  formation.  These  springs  issue  from  extensive  fissures  which 
have  been  or  are  being  filled  with  siliceous  veinstone,  that  carries, 
according  to  M.  Laur,  oxide  of  iron,  oxide  of  manganese,  sulphide 
of  iron,  sulphide  of  copper,  and  metallic  gold,  and  exhibits  the 
banded  structure  so  frequently  observed  in  mineral  veins." 

To  this  theory  Sandberger  objects,  on  the  ground  that  none 
of  the  numerous  mineral  springs  which  he  has  examined,  namely, 
those  of  Petersthal,  Rippoldsau,  Baden,  Badenweiler,  the  Max- 
quelle  of  Kissingen,  and  others,  dej^osit  any  mineral  incrustation 
on  the  walls  of  their  channels  of  exit,  although  they  subsequently, 
upon  exposure  to  the  air,  give  rise  to  muddy  deposits  containing 
various  heavy  metals.  The  Sulphur  Springs  in  Colusa  County, 
California,  and  Steamboat  Springs  in  Western  Nevada,  he  regards 
as  exceptional  phenomena  only  to  be  compared  with  the  unim- 
portant metalliferous  deposits  produced  by  solfataras  or  fumaroles, 
or  which  issue  from  fissures  in  heated  lava.  He  further  remarks 
that  with  the  exception  of  California  no  country,  either  in  the 
new  or  old  w^orld,  possesses  ore  deposits  containing  such  masses 
of  free  sulphur.  According  to  the  same  author  the  various  metallic 
sulphides  which  so  constantly  occur  in  lodes  are  the  results  of  the 
reduction  of  sulphates  by  the  action  of  organic  matter. 

It  may,  however,  be  stated,  on  the  other  side,  that  the  rule 
relative  to  the  non-deposit  of  minerals  in  channels  giving  issue 
to  hot  waters  is  not  without  remarkable  exceptions,  since  at 
■Steamboat  Springs  an  adit  was  driven  in  such  a  way  as  to  inter- 
sect, at  a  considerable  depth  from  the  surface,  a  fissure  which 
once  formed  a  vent  for  mineral  waters.  At  that  dejDth  the  banded 
.structure  was  not  only  continued,  but  the  veinstone,  which  con- 
sisted chiefly  of  quartz,  contained  a  notable  proportion  of  cinnabar. 

Sulphur  is  by  no  means  abundant  in  the  deposits  of  Steamboat 
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Springs,  and  is  for  long  distances  entirely  absent.  Native  sulphur, 
however,  occurs  in  the  mineral  veins  of  America,  Australia,  and 
some  other  countries.  It  has  been  found  in  the  gold  mines  of 
Virginia  and  North  Carolina,  as  well  as  in  antimony  reefs  at 
Costerfield  in  Victoria,  and  in  veins  at  Maldon,  St.  Arnaud,  and 
Castlemaine  in  the  same  colony. 

Sulphur  is  also  of  not  unfrequent  occurrence  in  the  auriferous 
quartz  reefs  of  Southern  India,  where,  in  the  form  of  transparent 
crystals,  it  covers  the  surfaces  of  small  druses  in  the  veinstone. 
Specimens  kindly  forwarded  to  me  by  Mr.  H.  A.  Severn  from  the 
Wynaad  were  in  the  form  of  octahedra,  and  had  been  deposited 
upon  an  extremely  thin  coating  of  ferric  oxide  lining  a  cavity,  the 
length  of  the  greater  diameter  of  which  was  about  one  inch.  It 
is  evident  that  the  presence  of  sulphuretted  hydrogen  may  some- 
times account  for  the  formation  of  certain  metallic  sulphides, 
without  the  intervention  of  organic  matter. 

The  ascensionist  theory,  so  strongly  combated  by  Sandberger, 
has  of  recent  years  received  most  powerful  support  from  the  studies 
and  writings  of  Posepny,  who  as  lecturer  on  mining  geology 
{Montangeologie)  at  Pi-ibram,  founded  a  fresh  school  of  ascen- 
sionists,  which  has  a  powerful  following  amongst  German  geolo- 
gists ;  his  principal  writings  on  the  subject  are  his  monograph  on 
the  "  Genesis  of  Ore  Deposits,"  ^  and  his  Archiv  fur  Pradische 
Geologie  (1880-1895).  He  points  out  that  there  are  two  systems 
of  water  circulation  in  the  earth's  crust,  one  that  of  surface  waters, 
absorbed  by  the  earth  and  given  out  again  at  such  points  as  the 
contour  of  the  land  admits  of,  which  he  proposes  to  call  the  vadose 
circulation,  and  another  that  of  waters  below  the  permanent  water 
level,  or  the  deep  underground  circulation,  the  possibility  of  such 
movement  of  water  downwards  in  spite  of  the  constantly-increasing 
pressure  having  been  shown  experimentally  by  Daubree.-  The 
former  is  an  oxidising  water-current,  more  prone  to  dissolve  mineral 
matter  than  to  deposit  it,  and  circulates  freely  in  spaces  that  may 
be  partly  filled  with  air.  The  latter  will  have  its  solvent  powers 
immensely  increased  by  high  temperatures  and  pressures,  and^is 
likely  to  dissolve  mineral  matter  as  it  descends  through  the  pores 
of  rocks,  and  to  deposit  it  as  it  ascends  through  open  fissures  ;  all 
fissures  below  the  permanent  Avater  level  are  necessarily,  however, 
full  of  water.  For  this  latter  reason  Posepny  holds  that  Sand- 
berger's  views  as  to  the    seepage    of  mineralising    solution    into 

1  Trans.  Amer.  Imt.  Miu.  Eiuj.  xxiii.  189.3,  p.  197. 

-  Ef  tides  Si/n>hcfiqiies  de  Gro/oijie  Exp(')-bnintrde,  i.  p.  235. 
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fissures  from  the  walls  of  veins  cannot  possibly  be  correct ;  he  also 
endeavours  to  throw  doubt  upon  the  methods  of  analysis,  by  Avhicli 
Sandberger  had  proved  the  presence  of  minute  quantities  of 
various  metals  in  the  eruptive  rocks  associated  ^^ith  the  Pribram 
veins ;  in  this  he  is  supported  apparently  by  Stelzner,  who  holds 
that  these  methods  of  analysis  do  not  show  whether  the  heavy 
metals,  which  were  undoubtedly  detected,  were  original  consti- 
tuents or  secondary  impregnations.  Posepny  argues  that  since 
the  mean  density  of  the  whole  earth  is  5"6,  and  that  of  the  rocks 
furming  its  crust  only  2'5,  the  central  nucleus  of  the  earth  must  be 
much  denser,  so  that  the  deep  region — his  harysphere — must  be  the 
peculiar  home  of  the  heavy  metals,  and  such  of  them  as  are  found 
in  our  metalliferous  veins  must  have  been  brought  up  from  it  in 
aqueous  solution.  According  to  his  latest  work,^  he  declares  that 
he  knows  scarcely  another  deposit  that  argues  as  distinctly  for  the 
ascensionist  theory  as  that  of  Piibram.  "  The  structure  of  the 
minerals  forming  the  vein  shows  the  slow  rate  of  their  formation 
and  the  manner  in  which  the  vein  has  been  filled  by  them.  To 
an  unprejudiced  observer  they  correspond  most  closely  to  precipi- 
tates from  dilute  solutions  in  a  state  of  circulation,  and  are  not  to 
be  compared  to  deposits  from  a  corked  bottle  of  mineral  water. 
These  precipitates  cover  the  entire  wall  space  of  the  channel 
through  Avhich  the  fluid  circulates,  and  form  as  a  rule  symmetric- 
ally disposed  mineral  crusts,  which  fill  the  cavity  all  except 
its  central  '  vugh.'  Judging  from  their  mode  of  occurrence,  the 
lateral  secretion  theory  must  be  absolutely  excluded."  This" 
arrangement  of  mineral  matter  (his  crust ification  as  opposed  to 
stratification)  forms  the  basis  of  many  of  Iiis  strongest  arguments. 
The  ascensionist  theory  has  many  followers  in  America,  the 
chief  of  whom  perhaps  is  R.  W.  Raymond,  who  adopts  these  views 
almost  in  their  entirety.  As  matters  stand  at  present,  however, 
the  general  arguments  of  American  geologists  have  tended  rather 
to  minimise  the  difference  between  the  two  opposite  theories ; 
Posepny  and  Sandberger  seemed  rather  in  their  discussions  to 
desire  to  accentuate  the  differences  between  their  views,  whilst 
such  American  writers  as  Emmons,  Raymond,  and  Le  Conte  have 
attempted  to  multiply  points  of  concordance.  The  latter  writer 
has  contributed  an  excellent  paper  to  the  discussion,-  in  which  he 
shows  that,  accepting  the  figures  quoted  by  Posepny  for  the  mean 
density  of  the   earth,  the  increase  in  density  at  a  depth  of  100 

'  Archiv  fiir  Practische  Geologie,  1895,  'p.  743. 

-  Trans.  Amer.  Inst.  Min.  Emj.,  xxiv.  1894,  p.  996. 
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miles  would  be  only  0'3,  aud  therefore  the  mean  density  2'8,  which 
is  about  that  of  the  more  basic  eruptive  rocks,  whilst  it  is  highly 
improbable  on  the  other  hand  that  circulating  water  could  come 
up  from  as  great  a  depth  as  100  miles  below  the  surface  of  the 
earth  ;  he  considers  that  the  limit  of  circulation  would  be  reached 
at  a  depth  of  8  to  10  miles,  and  argues  that  ascending  water 
currents  are  rich  in  metallic  contents,  "  not  because  they  have 
traversed  a  barysphere,  but  hecmise  they  have  traversed  a  thermo- 
sjjhere."  His  summary  of  his  own  views,  intermediate  to  some 
extent  between  the  lateral  secretionist  and  the  ascensionist  schools 
is  worth  quoting  in  extenso  : — 

"  The  source  of  metals  is,  indeed,  on  the  one  hand,  by  leaching, 
but  not  by  lateral  secretion ;  on  the  other  hand,  not  from  a  hypo- 
thetical barysphere,  but  from  the  wall  rock  ;  though  again,  not 
from  all  parts  alike,  but  mainly  from  the  deepest  parts,  and  even 
from  below  the  deepest  parts,  of  sensible  fissures.  As  in  the  case 
of  many  other  disputes,  I  believe  both  sides  are  right  and  both  are 
wrong.  Ascensionists  are  right  in  deriving  metals  mainly  by  ascend- 
ing currents  from  great  depths,  but  wrong  in  imagining  these  depths 
to  be  an  exceptionally  metalliferous  barysphere.  They  are  wrong 
also  in  not  allowing  subordinate  contributions  by  lateral  currents 
from  the  wall-rock  higher  up.  The  lateral  secretionists,  on  the 
other  hand,  are  right  in  deriving  metals  by  leaching  from  the 
wall-rock,  but  wrong  in  not  making  the  main  source  the  thermo- 
sphere, 

"  In  the  uncoloured  light  of  a  more  comprehensive  view,  many 
of  the  difficulties  and  obscurities  of  the  subject  disappear, 

"  1.  Ore-deposits,  using  the  term  in  its  widest  sense,  may  take 
j^lace  from  many  kinds  of  waters,  but  especially  from  alkaline 
solutions ;  for  these  are  the  natural  solvents  of  metallic  sulphides, 
and  metallic  sulphides  are  usually  the  original  form  of  such 
deposits. 

"  2,  They  may  take  place  from  waters  at  any  temperature  and 
pressure,  but  mainly  from  those  at  high  temi^erature  and  under 
heavy  pressure,  because,  on  account  of  their  great  solvent  j^ower, 
such  Avaters  are  heavily  freighted  with  metals, 

"  3,  The  depositing  waters  may  be  moving  in  any  direction — 
up-coming,  horizontally  moving,  or  even  sometimes  down-going, 
but  mainly  up-coming,  because  by  losing  heat  and  pressure  at  every 
step,  such  waters  are  sure  to  deposit  abundanth'. 

"  4,  Deposits  may  take  j)lace  in  any  kind  of  waterways — in 
open    fissures,    in  incij)ient    fissures,  joints,   cracks,  and   even    in 
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porous  sandstone,  but  especially  in  great  open  fissures,  because 
these  are  the  main  highways  of  ascending  waters  from  the  greatest 
depths. 

"  5.  Deposits  may  be  found  in  many  regions,  and  in  many  kinds 
of  rocks,  but  mainly  in  mountain  regions  and  in  rnetamorphic 
and  igneous  rocks,  because  the  thermosphere  is  nearer  the  surface, 
and  ready  access  thereto  through  great  fissures  is  found  mostly 
in  these  regions  and  in  these  rocks." 

It  will  be  seen  that  the  above  is  an  enunciation  of  the  ascen- 
sionist  theory  that  differs  widely  in  many  respects  from  that  of 
Posepny,  quite  as  widely  indeed  as  the  views  of  Emmons  differ 
from  those  of  Sandberger,  and  that  the  respective  theories  as 
set  forth  by  the  American  geologists  are  in  far  closer  accord  than 
are  those  of  the  German  j^rofessors  of  these  theories,  and  in  so  far 
are  probably  a  good  deal  nearer  to  the  real  truth. 

Metallic  minerals,  especially  specular  iron  ores,  are  sometimes 
deposited  by  sublimation  in  the  crevices  of  cooling  Itivas,  and 
it  is  probable  that  in  certain  solfataras,  like  that  near  Borax  Lake, 
in  California,  the  concentration  of  a  portion  of  the  cinnabar  and 
other  substances  present  may  be  jDartially  due  to  this  agency. 
Many  bodies  which  are  not  easily  volatilised  are  readily  carried 
along  by  a  current  of  steam  or  aqueous  vapour.  There  is, 
apparently,  no  reason  for  believing  that  sublimation  has  usually 
acted  an  important  part  in  the  formation  of  true  veins,  notwith- 
standing the  fact  that  free  sulphur  sometimes  occurs  in  metalli- 
ferous veins. 

General  Conclusions.— li  will  be  clearly  seen  from  the  above  quoted 
views  of  various  writers  on  the  subject  that  the  mode  of  formation 
of  metalliferous  veins  is  very  far  indeed  from  being  understood. 
The  manner  in  which  fissures  were  produced  seems  tolerably  clear, 
and  there  is  jDractically  a  consensus  of  opinions  on  that  point. 
The  manner  in  which  the  minerals  were  deposited  therein  admits 
however,  as  has  just  been  shown,  of  very  various  interj^retations. 
Even  the  statements  upon  which  the  opposing  theorists  base  their 
arguments  are  not  by  any  means  unchallenged  by  their  opponents, 
and  even  if  they  were,  most  of  them  admit  of  diametrically 
opposite  explanations.  Thus,  if  it  were  definitely  proved  that  the 
rocks  within  reasonable  distance  of  a  fissure  vein  contain  minute 
proportions  of  the  same  metals  as  are  found  in  the  vein,  one 
side  would  see  in  this  fact  a  proof  that  the  metals  in  question  were 
derived  from  the  rocks,  whilst  the  others  would  argue  that  the 
metals  in  the  rocks  were  derived   from  the  vein  ;  or,  if  it  were 
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proved  that  no  such  metals  exist,  one  side  would  claim  this  as 
evidence  that  the  metals  had  all  been  leached  out,  and  the  other 
as  proof  that  no  such  leaching  had  ever  been  possible.  It  may 
be  noted  that  the  discussion  is  not  confined  to  true  fissure  veins, 
but  is  necessarily  extended  to  all  epactic  ore  deposits  and  must 
include  also  group  d  of  symphytic  deposits,  because  all  of  these 
deposits  have  probably  received  tlieir  precious  metals  from  the 
same  sources. 

It  may  be  taken  for  granted  that  certain  ores  and  certain 
deposits  have  been  formed  at  shallow  depths  from  the  superficial 
<;irculation  ;  we  have  indeed  proof  of  this  in  the  cinnabar  deposits 
at  Steamboat  Springs  and  Sulphur  Banks.  R.  W.  Raymond  ^  has 
described  the  formation  of  galena  above  permanent  water  level, 
by  the  reducing  action  of  decaying  wood  upon  water  carrying  sul- 
phate of  lead  in  solution.  Iron  ores  and  manganese  ores  are 
no  doubt  at  times  deposited  also  by  the  superficial  or  vadose 
circulation ;  indeed  with  the  except  of  tinstone  it  may  be  fairly 
presumed  that  all  deposits  of  oxidised  ores  are  either  deposited 
by  shallow  waters,  or  are  the  result  of  their  oxidising  action 
upon  ore  bodies  already  in  existence.  The  problem  is  therefore 
restricted  to  the  remaining  ores,  which  are  for  the  most  part 
sulphides,  occasionally  oxides  like  cassiterite  or  native  metals  like 
gold.  It  seems  beyond  doubt  that  all  of  these  were  brought  to 
the  places  they  now  occupy  in  solution  in  water  in  some  form. 
Alkaline  waters,  saline  waters,  water  containing  carbonic  acid  and 
sulphuretted  hydrogen  under  pressure,  and  water  itself  at  high 
temperatures — one  or  other  of  these  solvents  will  dissolve  every 
metal  in  some  form  or  other.  When  solutions  thus  formed  meet 
with  precipitants  of  the  metal  they  carry,  or  when  under 
diminished  pressure  they  give  off  the  gases  they  held  dissolved, 
■or  when  they  are  cooled  down  from  any  cause  whatever,  they 
naturally  deposit  the  metals  which  they  had  dissolved.  This 
seems  to  be  almost  as  far  as  we  can  at  present  trace  back  with 
anything  like  certainty  the  genesis  of  ore  deposits.  Whence  the 
metals  were  primarily  derived  must  still  remain  an  open  question. 
We  know  on  the  one  hand  from  Daubree's  experiments  that  heat 
and  pressure  greatly  increase  the  solvent  powers  of  water ;  on  the 
other  hand  we  know  that  water  can  no  longer  remain  water  once  its 
critical  temperature  of  370°  C.  is  exceeded,  and  it  is  therefore  hard  to 
imagine  that  at  higher  temperatures  than  this  it  could  still  exert  any 
solvent  powers.  This  critical  temperature  should  be  reached  at  a 
'  Discussion,  Trans.  Amer.  Inst.  Min.  Eny.  xi.  1883,  p.  120. 
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depth  of  about  nine  miles  below  the  surface,  assuming  that  the 
average  rate  of  increase  near  the  surface,  or  about  1°  C,  for  every 
125  feet  of  depth,  is  uniformly  maintained.  On  the  other  hand, 
water  vapour  cannot  exist  under  a  pressure  exceeding  196  atmo- 
spheres, which  pressure  would  be  produced  by  a  water  column  of 
about  one  and  a  quarter  miles  in  depth, so  that  it  seems  fair  to  assume 
thatbelow  nine  miles  or  thereabouts  water  as  such  could  notpossibly 
exist,  but  would  be  split  uj)  into  its  constituent  gases,  so  that 
solution  in  the  ordinary  sense  could  not  take  place  at  what  may 
be  called  comparatively  shallow  depths.  Heim's  opinion  that  no 
open  fissures  can  exist  below  1.5,000  feet  of  depth  has  already  been 
quoted.  Taking  these  data  in  connection  with  the  calculations  of 
Emmons  already  quoted,  it  would  seem  as  if  we  should  be  com- 
pelled to  assume  that  the  region  of  solution  within  which  the 
various  metals  can  be  dissolved  by  water — the  thermosphere  of 
Emmons — is  limited  to  a  depth  of  nine  or  ten  miles,  though  it 
must  be  borne  in  mind  that  we  have  no  certain  knowledge  of  the 
physical  conditions  prevailing  under  such  circumstances.  There 
is  no  difficulty  in  admitting  that  water  can  penetrate  to  this  depth 
in  the  manner  illustrated  byDaubree's  exi3eriment  (p.  138).  It  is 
also  possible  that  osmotic  pressure  might  play  a  part  in  promoting 
circulation.  A  fissure  whose  walls  are  coated  with  gelatinous 
silica  or  any  other  colloidal  svibstance,  outside  of  which  water  is 
descending  and  dissolving  metallic  and  other  compounds  as  it 
moves  downward,  whilst  the  fissure  is  filled  with  the  comparatively 
concentrated  solution  thus  produced,  would  form  a  system  in  which 
circulation  could  quite  conceivably  be  maintained  by  osmotic 
pres.sure.  This  force  would  thus  cause  a  seepage  from  the  walls 
into  the  fissure,  although  such  seepage  seems  to  be  looked  upon 
as  impossible  by  Po.sepny.  In  spite  of  all  that  has  been  done  and 
written  on  this  subject  we  are  still  reduced  to  mere  conjecture  on 
two  of  the  most  important  elements  in  the  inquiry,  whence  the 
metals  were  dissolved  and  how  they  were  precipitated.  It  is  only 
safe  to  affirm  that  they  were  in  very  many  cases  introduced  in  the 
form  of  solutions. 

One  of  the  most  important  changes  that  has  been  introduced 
recently  into  our  conceptions  of  the  genesis  of  ore  deposits,  due 
chiefly  perhaps  to  Emmons  and  Posepny,  although  they  have  been 
in  part  anticipated  and  have  had  many  followers,  is  the  recogni- 
tion of  the  prevalence  of  metasomatic  action  and  the  limitations 
imposed  iipon  the  old  views  respecting  fissure  veins.  The  typical 
fissure  veins  of  the  older    writers, — veins    with  two   well-marked 
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walls  slickeusided  and  covered  with  flucau,  containing  a  series  of 
minerals  differing  widely  from  those  contained  in  the  countr}'  rock, 
and  enclosing  fragments  of  country  rock,  the  stratification  or 
cleavao-e  of  which  is  not  parallel  to  that  of  the  rock  in  situ  in 

the  walls, — such  veins  do  indeed  exist, 
a  but  they  are  both  few  in  number  and 

of  comparatively  small  importance, 
because  their  size  is  generally  not 
great.  The  miner  knows  to  his  cost 
the  enormous  difficulty  of  keeping  the 
walls  of  even  a  moderately  wide  vein 
open,  when  the  vein  matter  has  been 
removed.  The  pressure  tending  to 
force  the  walls  together  must  be  in- 
finitely greater  at  such  depths  below 
the  surface  as  those  at  which  mineral 
deposition  is  supposed  to  take  place, 
aad  although  the  fact  of  the  fissure 
being  full  of '  water  would  tend  to 
keep  the  walls  apart,  it  is  nevertheless 
difficult  to  conceive  how  a  very  wide 
fissure  could  remain  open  at  great 
depths  long  enough  to  be  completely 
filled  with  deposited  minerals.  It  is 
far  more  usual  to  find  veins  without 
any  defined  walls  at  all  than  with  two. 
Many  veins  have  but  one  well-marked 
wall,  and  this  one  will  perhaps  be  found 
to  be  the  foot  wall  more  often  than 
the  hanging.  In  such  cases,  instead 
of  a  definite  wall  we  find  the  vein- 
stuff  passing  by  insensible  gradations 
into  the  country  rock,  and  the  de- 
posit is  taken  out  by  the  miner  just 

Fig.  40. — Iinpregnation  of  tin  ore  at  c-  „:i.'r  i-i,  i^i 

East  Huei  Loveii.  as  lar  as  it  IS  louud  rich  enough  to  be 

worth  working.  In  some  cases  where 
no  definite  walls  are  to  be  seen,  central  fissures  may  or  may  not 
be  traceable.  Closely  allied  to  this  form  of  deposit  is  one  often 
met  with  in  tin  lodes,  where  a  central  fairly  defined  vein  exists, 
carrying  tinstone,  whilst  the  rock  on  either  side  is  impregnated 
with  tin  ore  to  such  an  extent  as  to  render  it  worth  working, 
A  typical  lode  of  this  kind  is  that  at  East  Huel  Lovell,  in  the 
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parish  of  Wendron,  which  has  been  well  described  bj'-  C.  Le  Neve 
Foster.^  Fig.  46  represents  a  horizontal  section  of  this  deposit 
as  seen  at  the  100-fathom  level,  in  which  a  h  is  the  leader  or 
divider,  a  small  vein  composed  of  quartz  and  ferruginous  clay- 
varying  from  ^  to  ^  inch  in  thickness.  The  dotted  portion  is  the 
tin-stuff,  outside  which  is  the  ordinary  granite  of  the  district. 
This  granite  is  well  marked  and  encloses  large  crystals  of  ortho- 
clase ;  whilst  the  stanniferous  portion  consists  of  a  mixture  of 
quartz,  mica,  gilbertite,  and  cassiterite,  with  a  little  fluor  spar, 
iron  jjyrites,  copper  pyrites,  erubescite,  copper  glance  and  chaly- 
bite.  Gilbertite,  a  crystalline  alteration-product  of  felspar,  is 
frequently  abundant.  There  is  no  Avail  or  selvage  between  the 
tin-bearing  mass  and  the  surrounding  granite,  the  two  gradually 
merging  into  one  another ;  and,  following 
the  leader  along  its  strike,  the  tin-bearing  „ 

rock  decreases  in  width  until  at  last  both 
walls  of  the  vein  are  composed  entirely  of 
granite.  The  shoot  of  tin  at  the  lOO-fathom 
level  was  about  seven  fathoms  in  length, 
the  richest  part  having  a  length  of  three 
fathoms  and  a  width  of  nearly  nine  feet. 
In  some  cases  the  oxide  of  tin  lay  entirely 
on  one  wall,  as  shown  in  Fig.  47,  but  the 
prevailing  characteristics  namely,  the 
leader  of  quartz,  the  absence  of  any  wall 
between  the  tin  and  the  granite,  and  the 
general  composition  of  the  tin  ground, 
always    remained    the    same.      The  main 

shoojt  of  tin  ore  at  East  Huel  Lovell  has  been  followed  from 
the  40-fathom  level  down  to  the  110  as  one  continuous  pipe, 
and  is  in  the  shape  of  a  long  irregular  cylindroid  with  an  elliptic 
base  generally  about  fourteen  feet  long  by  seven  wide. 

M.  Daubree,  some  forty  years  ago,  first  called  attention  to  the 
fact  that,  with  the  exception  of  quartz,  the  minerals  most  con- 
stantly associated  with  tin  ore  are  compounds  containing  fluorine, 
principally  fluosilicates,  such  as  lepidolite  and  topaz ;  sometimes 
also  fluophosphates  and  fluorides,  the  latter  being  present  chiefly 
as  fluor  spar.^ 


Fig.  47. — IinpreKuation  of  tin  ore 
at  East  Huel  Lovell. 


^   Trans.  Boy.  Geo.  Sor.  of  Cornwall,  ix.  1876,  p.  167. 

^  "Memoire  sur  le  gisenient,  la  constitution,  et  I'origine  des  amas  de  minerai 
•d'etain,"  Annahs  des  Mines,  xx.  1841,  p.  65  ;  Etudes  Synthetiques  de  Geologie 
JExperimentale,  Pari.s,  1870,  p.  29. 
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Boron  is  a  constituent  of  the  minerals  tourmaline  and  axinite, 
both  of  which  are  frequently  present  in  tin  deposits ;  whilst  the 
other  most  commonly  associated  elements  are  tungsten,  molyb- 
denum, phosphorus,  arsenic  and  iron.  He  arrives  therefore  at  the 
conclusion  that  tin  ore,  fluorine  compounds,  and  borosilicates  owe 
their  origin  to  the  same  set  of  reactions,  and  supposes  that  the 
tin,  tungsten,  molybdenum,  boron,  phosphorus,  and  a  portion  of 
the  silicon  came  up  through  fissures  from  some  deep-seated  source 
as  fluorides.  Finally,  he  suggests  that  the  present  condition  of 
Stockicorks,  which  consist  of  quartz,  tin  ore,  silicates,  fluosilicates, 
and  borosilicates,  resulted  from  the  action  of  these  fluorides,  pro- 
bably in  the  presence  of  water,  on  the  enclosing  rocks. 

In  a  subsequent  memoir  Daubree  gives  the  results  of  numerous 
experiments,  which  he  made  with  a  view  to  imitating  the  processes 
by  which  nature  may  have  acted  in  forming  such  minerals.^  In- 
stead of  employing  fluorides,  which  are  not  so  readily  made  or  so 
easily  managed,  chlorides  were  generally  used,  since,  from  the 
great  analogy  which  exists  between  fluorides  and  chlorides,  it  was 
considered  that  any  results  obtained  with  the  latter  might  safely 
be  supposed  to  occur  with  the  former. 

The  first  experiment  consisted  in  passing  a  current  of  stannic 
chloride  tosether  with  a  current  of  steam  throuoh  a  red-hot 
porcelain  tube.  In  this  way  double  decomposition  was  effected 
and  crystals  of  stannic  oxide  were  deiDOsited  on  the  interior  of  the 
tube.  The  crystals  of  oxide  of  tin  thus  obtained  are  sometimes 
colourless  and  transparent,  and  at  others  exhibit  tints  of  brown 
or  green,  the  different  coloured  specimens  being  all  associated 
in  the  same  groups.  Their  specific  gravity  is  6'72  ;  they  readily 
scratch  glass ;  and  when  mixed  Avith  carbonate  of  sodium  they 
yield  a  globule  of  tin  before  the  blowpipe.  Although  exceedingly 
minute,  the  crystals  so  obtained  exhibit  well-defined  faces  and 
angles,  but  they  are  so  entangled  with  one  another  that  it  is 
difticult  to  determine  their  form.  The  temperature  of  the  portion 
of  the  tube  on  which  the  crystals  of  oxide  of  tin  Avere  deposited 
did  not  exceed  300°  C,  being  rather  below  the  melting  point  of 
lead.  Titanic  chloride  treated  in  the  same  way  yielded  crystals 
of  brookite,  while  a  deposit  of  vitreous  and,  in  part,  crystallised 
quartz  was  obtained  from  chloride  of  silicon  and  steam.     In  1851 

1  "  Recherches  sur  la  production  arlificielle  de  quelques  especes  minerales 
cristallines,  partici^lierement  de  I'oxyde  d'etain,  de  Toxyde  de  titane,  et  du  quartz. 
Observations  sur  I'origine  des  filons  titaniferes  des  Alpes,"  Annales  des  Mines,. 
xvi.  1849,  p.  129.     Gcohgie  Expei-imenta/e,  p.  37. 
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Daubree  obtained  well  crystallised  apatite  by  passing  percliloride 
of  phosphorus  over  lime  at  a  dull  red  heat,  and  a  mineral 
analogous  to  topaz  was  produced  by  the  action  of  a  current  of 
fluoride  of  silicon  on  alumina  at  a  white  heat.^ 

The  circumstance  before  referred  to  (p.  82)  of  deers'  antlers 
more  or  less  completely  replaced  by  crystallised  oxide  of  tin  having 
been  found  in  various  Cornish  Streamworks,  affords,  however, 
sufficient  evidence  that  this  mineral  has  sometimes  been  de- 
posited at  ordinary  temperatures.  In  the  case  in  question  it 
would  appear  not  improbable  that  the  production  of  alkaline 
carbonates  through  the  decomposition  of  felspars,  may  have  been 
an  important  factor  in  the  solution  and  subsequent  deposition  of 
oxide  of  tin. 

This  form  of  vein  together  with  its  altered  walls  has  been 
described  as  a  separate  class  of  deposit  under  the  title  of  "im- 
pregnation "  ;  it  seems  however  better  to  consider  them  as  true 
Assure  veins,  seeing  that  they  decidedly  owe  their  origin  to 
fissures.  A  closely  allied  class  is  that  of  stockworks,  into  which 
the  above  passes  by  insensible  gradations.  It  is  perhaps  best  to 
maintain  the  division,  somewhat  artificial  although  it  may  be,  by 
classing  such  deposits  when  more  or  less  tabular  in  form  and  refer- 
able to  a  single  fissure  as  veins,  and  by  calling  them  stockworks 
when  they  assume  a  form  in  which  their  three  dimensions  are 
more  nearly  equal  and  when  they  owe  their  origin  to  a  large 
number  of  irregular  reticulated  fissures. 

Referring  again  to  Daubree's  experiment  in  which  he  produced 
fissures  and  faults  by  vertical  pressure  (page  82)  it  will  be  seen 
that  he  proved  that  the  formation  of  such  a  fissure  would  be 
accompanied  by  the  production  of  a  number  of  very  fine  cracks  in 
the  walls  of  the  main  fissure.  Solutions  circulating  in  the  latter 
would  therefore  necessarily  find  their  way  through  the  former, 
and  if  the  wall  rock  consisted  of  some  easily  decomposable  or 
soluble  rock,  it  is  perfectly  intelligible  that  the  whole  of  the  rock 
thus  shattered  would  become  mineralised  both  by  deposition  of  ores 
in  the  fissures,  and  by  the  metasomatic  action  of  the  solution  or 
the  removal  of  some  of  the  ingTedients  of  the  shattered  rock,  and 
the  deposition  of  mineral  in  its  place,  this  mineralisation  extend- 
ing as  far  as  the  rock  had  been  thus  physically  prepared  for  the 
passage  of  the  solutions.     If  it  so  happened  that  this  shattering 

^  "  Experiences  sur  la  production  artificielle  de  I'apatite,  de  la  topaze,  et  de 
quelques  autres  mineraux  fluorif^res,"  Annales  des  Mines,  xix.  1851,  p.  684; 
G^olo(iie  Exji^rimeiUah,  p.  48. 
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was  confined  to  one  side  of  the  fissure  a  mineral  vein  with  one 
well-marked  wall  only  (the  opposite  side)  would  be  formed,  there 
being  no  other  wall  strictly  speaking.  Or  again  a  whole  belt  of 
country  between  two  jDarallel  fissures,  not  very  far  apart,  may 
be  shattered  in  this  way  and  rendered  permeable  by  solutions. 
There  can  be  very  little  doubt  but  that  most  wide  veins  have 
been  formed  in  such  a  Avay  as  this,  and  that  the  material  of 
which  the  vein  consists  is  very  often  shattered  country  rock 
mineralised  in  situ,  rather  than  the  filling  of  an  empty  fissure 
by  introduced  mineral  matter.  This  remark  applies  equally  to 
bedded  and  contact  veins,  the  genesis  of  which  seems  to  be,  as 
regards  their  mineral  contents,  precisely  similar  to  that  of  fissure 
veins ;  in  this  connection  the  studies  of  Emmons  on  the  Leadville 
deposits  may  be  mentioned.  They  will  be  more  fully  referred  to 
again  subsequently  {see  page  162). 

A  kind  of  fissure  vein  that  is  often  described  as  a  separate 
class  is  that  known  as  falilhcmds,  a  term  that  seems  to  have 
been  indiscriminately  applied  to  both  the  veins  and  the  rocks  in 
which  they  occur.  These  fahlbands,  which  have  already  been 
referred  to  on  page  112,  are  simply  beds  of  slate  of  a  fawn 
colour  within  which  certain  fissure  veins  are  abnormally  rich. 
Their  typical  development  is  at  the  celebrated  silver  mines  of 
Kongsberg,  in  Norway,  which  were  discovered  in  1623,  and 
worked  with  comparatively  little  interruption  from  that  date  to 
the  jDresent  time  ;  they  are  situated  in  a  district  consisting  chiefly 
of  gneiss,  gabbro,  mica  schist,  hornblende  schist,  talc  schist, 
and  chlorite  §chist.  The  silver  ores  occur  in  these  typical 
fahlbands,  which  consist  of  parallel  belts  of  rock,  of  considerable 
width  and  extent,  impregnated  with  sulphides  of  iron,  copper  and 
^inc,  and  sometimes  also  with  those  of  lead,  cobalt  and  silver. 
The  iron  pyrites  often  becomes,  to  some  extent,  decomposed  near 
the  surface,  giving  rise  to  the  formation  of  hydrated  ferric  oxide 
and  producing  a  kind  of  gossan,  which  is  locally  regarded  as  an 
indication  of  the  presence  of  silver  ores.  These  fahlbands,  or  gray 
beds,  have  a  direction  very  nearly  north  and  south.  They  are 
irregular  in  their  dimensions,  the  greatest  breadth  of  any  one  of 
them  being  about  a  thousand  feet ;  but  they  constantly  preserve  a 
considerable  degree  of  parallelism  with  one  another,  and  may  be 
traced  upon  their  line  of  strike,  for  a  distance  of  several  miles. 

The  amount  of  ore  disseminated  through  such  beds  is  usually 
very  small,  and  in  but  a  few  localities  only  has  it  been  found 
sufficiently  concentrated  to  admit,  of  its  being  profitably  worked. 
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111  the  Kongsberg  district  there  are  several  of  these  fahlbands, 
parallel  in  strike  and  inclination  with  the  gneissoid  and  schistose 
strata  in  which  they  occur,  and  subject  to  the  same  local  dis- 
turbances of  stratification.  They  are  themselves  traversed  by 
fissure  veins  containing  silver  ores,  and  long  experience  has  shown 
that  these  are  productive  only  where  they  intersect  fahlbands. 
The  veins,  which  are  numerous,  course  nearly  east  and  west, 
ahnost  at  right  angles  to  the  strata  and  fahlbands,  and  generally 
dip  towards  the  south,  although  a  few  of  them  incline  in 
the  ojDposite  direction.  As  a  rule  they  are  but  a  few  inches  in 
breadth,  seldom  exceeding  a  couple  of  feet,  and  their  narrower 
portions  are  usually  richer  in  silver  than  the  broader  parts,  Avhich 
are  chiefly  made  up  of  non-metalliferous  veinstone.  Their  breadth 
is  stated  to  increase  up  to  a  certain  depth  and  then  gradually  to 
diminish ;  the  portions  having  a  thickness  of  about  one  inch 
being  on  an  average  the  richest.  When  two  such  lodes  intersect 
within  the  limits  of  a  fahlband,  the  result  is  often  a  considerable 
pocket  of  ore.  The  lodes  are  without  selvages,  and  are  firmly 
attached  to  the  wall  rock,  which  for  some  distance  is  often  impreg- 
nated with  silver  ores. 

Numerous  other  instances  can  be  quoted  in  which  the  value  of 
the  vein  is  dependent  upon  the  strata  which  it  happens  to 
traverse.  Well-marked  examples  can  be  quoted  from  the  lead 
veins  of  Durham  and  Cumberland  and  of  Derbyshire,  which  are 
rarely  productive,  except  when  they  traverse  limestone  strata,  or  at 
any  rate  are  never  as  rich  in  other  rocks.  This  would  seem  to  be 
an  immediate  consequence  of  the  far  more  ready  solubility  of 
limestones  than  of  the  other  strata.  This  same  reason  probably 
accounts  for  the  fact  that  very  many  ore  deposits  are  to  be  found 
in  limestone  or  dolomitic  areas  (with  the  exception  of  gold  veins). 
These  latter  however,  when  typical  gold  quartz  veins,  seem  very 
often  to  be  true  fissure  veins  Avith  well-marked  Avails,  and  it  is 
probable  that  the  solutions  (most  likely  alkaline^)  that  carried 
the  gold  and  silica  Avere  not  such  as  would  readily  give  rise  to 
metasomatic  reactions  Avith  calcareous  rocks,  but  would  rather  be 
capable  of  decomposing  siliceous  ones. 

Typical  examples  of  fissure  veins  may  be  quoted  from  any 
of  the  larger  mining  districts,  such  as  Cornwall,  Alston  Moor, 
Freiberg,  &c.  It  is  not  however  easy  to  point  to  a  vein  in  the 
formation    of   Avhich    metasomatic    action    has    played    no    part 

^  H.   Louis,    "The  Mode  of  Occurrence  of  Gold,"'   Mineralocjkal  Magazim., 
X.  No.  47,  p.  241. 
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whatever  and  which  has  been  produced  entirely  by  the  filling  of  a 
fissure.  Perhaps  the  best  example  of  such  a  vein  is  to  be  found 
in  mineral  veins  that  occupy  the  space  between  the  walls  ol'  fault 
fissures,  such  as  some  of  the  smaller  lead  veins  of  Alston  Moor, 
when  not  in  limestone. 

Group  I.  Bedded  Veins. — Metalliferous  deposits  belonging  to 
this  class  differ  from  true  veins  inasmuch  as  they  are  conformable 
with  the  bedding  or  foliation  of  the  country  rock,  whereas  true 
veins  traverse  all  formations  independently  of  stratification  and 
foliation.  As  in  the  case  of  ordinary  lodes,  the  gangue  of  bedded 
veins  differs  entirely  from  the  surrounding  rock,  the  veinstone, 
which  frequently  consists  of  quartz,  being  often  crystalline  and 
exhibiting  a  distinctly  banded  structure.  It  need  hardly  be  said 
that  such  veins  are  liable  to  be  faulted  together  with  the  strata 


Fig.  48.— Bedded  veins. 


enclosing  them,  and  may  exhibit  any  of  the  phenomena  of  faulting 
previously  investigated.  Besides  extending  uninterruptedly  for 
considerable  distances,  deposits  of  this  class  sometimes  form 
lenticular  masses  of  limited  extent;  these  are,  however,  often 
followed  by  others  of  a  similar  description  forming  a  series  resem- 
bling a  more  or  less  interrupted  lode.  The  quartz  veins  so 
numerous  in  Canada,  New  England,  and  in  the  Alleghany  Moun- 
tains, are  generally  examples  of  deposits  of  this  class,  as  are  some 
of  the  auriferous  veins  of  California.  Fig.  48  represents  an  ideal 
section  of  this  form  of  deposit.  The  ore- bearing  mass  does  not 
always  crop  out  at  the  surface,  although  it  frequently  does  so ;  a 
is  a  vein  which  makes  its  appearance  at  the  surface,  h  does  not 
reach  so  far,  while  c  is  a  somewhat  lenticular  vein  extending  but 
a  short  distance  either  upwards  or  downwards.  One  of  the  most 
important  constituents  of  bedded  veins  is  gold,  with  which  either 
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pyrites,  blende,  galena,  or  chalcopyrite  is  almost  always,  to  some 
extent,  associated.  It  was  formerly  believed  that  veins  of  this 
description  are  less  persistent  than  true  lodes,  that  they  are  richer 
nearer  the  surface  than  elsewhere,  and  that  they  frequently  termi- 
nate by  pinching  out  both  in  depth  and  in  horizontal  extension. 
Recent  mining  operations  have,  however,  materially  modified  the 
received  views  respecting  the  value  and  persistency  of  bedded 
veins.  Many  of  them  are  of  great  thickness  and  extent,  and  after 
having  been  worked  to  very  considerable  depths,  have  been  there 
found  as  productive  as  they  were  nearer  the  surface.  The  charac- 
ter of  the  veinstone  of  such  deposits  frequently  appears  to  in  no 
way  vary  from  that  of  true  fissure  veins,  from  which  they  often 
differ  in  no  respect  except  that  their  course  is  parallel  to  that  of 
the  strata  between  which  they  lie. 

There  seems  to  be  little  or  no  doubt  that  the  minerals  con- 
tained in  bedded  veins  and  those  in  fissure  veins  have  been  de- 
posited in  the  same  manner  and  by  the  same  agencies.  The 
minerals  themselves  are  for  the  most  part  identical,  though  it  is 
possible  to  name  a  few  minerals,  such  as  cassiterite  and  chromite, 
which,  being  generally  associated  with  igneous  rocks,  rarely  if  ever 
occur  in  bedded  veins,  which  latter  can  obviously  only  be  found  in 
stratified  formations.  The  real  difference  between  the  two  groups 
is  in  the  manner  in  which  the  cavities  that  the  veins  occupy  were 
formed.  The  one,  as  we  have  seen,  is  due  to  a  fracture  of  the 
strata,  whilst  the  other  is  either  a  plane  of  weakness  between  the 
beds,  or  is  produced  by  foliation  or  by  contortion  or  bending  of 
the  strata  which  afforded  a  means  of  access  to  mineralising  solu- 
tions, or  produced  sjDaces  Avithin  which  mineral  matter  might  be 
deposited.  Of  course  it  is  quite  possible  that  a  true  fissure  might 
be  formed  mechanically,  perfectly  parallel  to  the  stratification ; 
such  a  fissure  if  filled  Avith  mineral  matter  might  be  classed  either 
as  a  fissure  vein  or  as  a  bedded  vein,  according  as  genetic  or  mor- 
phological  characteristics  Avere  deemed  the  more  important  in  the 
•system  of  classification.  These  tAvo  groups  on  the  one  side  and 
that  of  altered  beds  on  the  other  run  more  or  less  into  each  other 
and  are  often  most  difficult  to  discriminate. 

Good  examples  of  bedded  veins  are  to  be  found  in  the  gold- 
quartz  veins  of  Nova  Scotia ;  these  are  narrow  veins  4"  to  24"  in 
width,  striking  about  east  and  Avest,  and  dipping  south  at  high 
angles  of  about  75°  to  85° ;  they  are  parallel  to  the  formation,  which 
is  supposed  to  be  of  Cambrian  or  lower  Silurian  age.  The  strata 
consist  of  hard  slates  alternating  with  black,  very  hard  quartzites, 
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locally  miscalled  whin  rock.  The  veins  are  filled  with  white  quartz, 
which  occasionally  has  thin  films  of  slate  running  through  it 
parallel  to  the  stratification  and  occasionally  too  encloses  frag- 
ments or  small  horses  of  the  w'all  rocks.  The  accompanying 
minerals  besides  gold  are  arsenical  pyrites,  iron  pyrites,  copper 
pyrites,  galena,  zinc  blende,  and  calcspar,  the  latter  often  well 
crystallised.  In  some  instances  the  slate  of  the  walls  is  rather 
soft  and  is  mineralised  by  arsenical  pyrites.  The  veins  pinch  out 
at  times  and  then  come  in  again,  sometimes  a  little  above  or  below 
the  course  of  the  first  vein,  and  there  is  abundant  evidence  in 
their  structure  and  mode  of  occurrence  to  prove  that  they  are 
really  veins  and  not  altered  beds. 

Some  of  the  veins  are  intercalated  between  slates  and  quartz- 
ite  ;  it  is  nevertheless  proper  to  classify  them  all  as  bedded  veins 
and  not  as  contact  veins,  firstly  because  these  two  rocks  belong  to 


Fio.  40. — Lenticular  deposits  ;  plan. 

the  same  formation  and  are  similar,  being  evidently  but  extreme 
cases  of  the  metamorphism  of  beds  of  sand  and  of  mud,  all  stages 
between  which  may  be  represented,  and  secondly  and  especially 
because  the  formation  of  the  vein  was  not  due  to  the  fact  that 
this  w^as  a  jDlane  of  contact,  the  latter  circumstance  being,  so  to 
speak,  accidental  and  not  essential  to  the  origin  of  the  vein.  This 
is  an  instructive  instance  of  the  reasoning  that  has  to  be  followed 
in  the  classification  of  mineral  deposits  ;  hard  and  fast  lines  cannot 
well  be  drawn  between  the  different  groups,  and  in  assigning  its 
place  to  any  deposit,  all  the  conditions  affecting  both  the  deposit 
and  the  rocks  enclosing  it  must  be  taken  into  consideration. 

Deposits  of  auriferous  quartz,  cupriferous  iron  pyrites,  and  some 
other  minerals,  occasionally  assume  the  form  of  a  series  of  lenticular 
masses,  which  lying  between  the  foliations  of  the  strata,  follow  one 
another  both  in  length  and  depth  in  such  a  way  as  to  constitute 
an  interrupted  vein.     Fig.  49  represents  in  plan,  and  Fig.  50  in 
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section  on  the  line  d  e,  a  deposit  of  this  kind,  in  which  a  indi- 
cates masses  of  either  veinstone  or  ore.  Such  lenticular  masses^ 
which  are  often  approximately  continuous  and  lie  at  low  angles, 
are  described  as  beds,  Lager,  by  v.  Groddeck.  They,  liowever, 
occasionally  enclose  fragments  of  the  country  rock  both  from  the 
foot  and  hanging  walls,  and,  in  such  cases,  cannot  be  regarded  as 
contemporaneous  with  the  enclosing  strata,  but  are  evidently  of 
subsequent  formation,  and  are  therefore  properly  classed  as 
epactic.  Certain  deposits,  hoAvever,  somewhat  similar  in  character 
have  probably  had  a  different  origin,  and  may  be  regarded  as  beds 
formed  prior  to  the  deposition  of  the  overlying  rock.  When  these 
lenticular  deposits  are  of  great  width  as  compared  to  their  exten- 
sion, and   hence   lose   their  tabular  character,  they  approximate 


Fig.  50. — Lenticular  deposits ;  section  on  d  e. 

closely  to  irregular  deposits,  and  would  be  so  classed  in  accord- 
ance with  the  system  of  classification  here  pursued,  more  especially 
if  their  genesis  seems,  as  is  very  often  the  case,  to  be  connected 
with  igneous  rocks  in  near  proximity  or  in  contact  with  them. 
The  great  similarity  between  these  two  groups  will  at  once  appear 
on  comparing  Figs.  48  and  QQ.  Similarly  shaped  deposits  wholly 
enclosed  in  igneous  rocks  could  obviously  not  be  classed  as  bedded, 
but  must  be  looked  upon  as  irregular  deposits,  and  it  is  quite  a 
matter  of  opinion  where  the  line  should  be  drawn  between  the 
two  classes.  Thus  the  deposits  of  cupreous  pyrites  at  Huelva  and 
other  places  would  undoubtedly  by  many  be  classed  in  this  group, 
nor  can  it  be  said  that  such  an  arrangement  would  be  decidedly 
wrong. 

Deposits  of  ore  sometimes  take  place  at  the  intersections  of 
the  main  joints  of  certain  rocks.     Fig.  51  represents,  in  plan,  an 
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example  of  this  kind  of  formation  described  by  W.  J.  Henwood  as 
occurring  at  Dhuni^oore  Mine,  North-western  India,  where  patches 
of  chalcopyrite  and  erubescite  a  occur  at  the  intersections  of  a 
series   of  joints  h  and  c  which   traverse  nearly  at  right  angles  a 


h  h 

Fig.  51. — Bunches  of  ore  at  intei'sections  of  joints. 

somewhat  calcareous  clay  slate.  Compare  too  the  formation  of 
gash  veins  and  pipe  veins  in  highly  jointed  limestone  beds  which 
exhibit  quite  similar  appearances ;  these  again  might  also  be 
classed  as  irregular  deposits. 

An  interesting  modification  of  bedded  veins  is  to  be  found  in 
the  so-called  barrel  quartz  of  Waverly,  Nova  Scotia.     This  con- 


FiG.  52.— Section  of  "Barrel"  quartz  vein. 

sists  of  an  almost  horizontal  bed  of  quartz  ajjparently  occupying 
the  central  portion  of  an  anticlinal  fold ;  it  has  been  subjected  to 
some  kind  of  crumpling  action  that  has  thrown  it  into  a  succession 
of  sharply  marked  corrugations,  looking,  where  the  reef  has  been 
stripped  and  is  being  worked  opencast,  like  a  succession  of  rows  of 
barrels  (Fig,  52)  lying  on  the  floor  of  the  workings,  the  axes  of 
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the  "  barrels  "  running  about  east  and  west.  The  thickness  of  the 
veins  varies  from  a  few  inches  up  to  four  feet.  The  composition 
of  the  gangue  is  like  that  of  the  ordinary  bedded  veins  already 
described,  which  may  well  indeed  be  a  continuation  in  depth  of 
the  same  vein.  Tliis  barrel  quartz  is  usually  rich,  the  smaller 
barrels  being  the  more  productive.  The  stratification  of  the 
country  rock  is  somewhat  obscure,  but  seems  to  follow  the  curves 
of  the  barrels. 

Another  special  form  of  bedded  veins  is  what  are  known  as 
saddle  reefs,  whose  occurrence  seems  to  be  limited  to  Australia. 
Their  especial  habitat  is  the  well-known  gold  mining  district  of 
Bendigo  or  Sandhurst,  in  Victoria.     No  better  description  of  this 


fK— Saddle  Reef s.  B.— Sandstone.  C.— Slate.  D.— Inverted  Saddles. 

Fig.  53. — Ideal  section  of  saddle  reefs. 


form  of  vein  is  to  be  found  than  the  following  brief  one  by 
Mr.  E.  F,  Pittman,^  from  whose  paper  the  subjoined  ideal  sketch 
(Fig.  53)  is  also  reproduced :  "  The  country  rock  at  Bendigo 
consists  of  highly  contorted  slates  and  sandstones  ■  which  are  of 
Lower  Silurian  age.  The  contortions  of  these  slates  and  sand- 
stones have  assumed  the  forms  of  anticlines  and  synclines.  If  a 
quire  of  paper  be  placed  flat  upon  a  table  and  lateral  pressure  be 
exerted  against  the  sides,  it  will  be  found  to  form  saddles  and 
troughs,  or  anticlines  and  synclines,  corresponding  with  the  con- 
tortions of  the  Bendigo  rocks,  which  have  in  fact  been  produced  in 
an  analogous  manner ;  and  it  will  be  noticed  that  spaces  will  be 

^  Edward  F.  Pittman,  ' '  On  the  Geological  Occurrence  of  the  Broken  Hill 
Ore  Deposits,"  Records  of  the  Geological  Survey  of  Neio  South  Wales,  1892,  iii. 
part  ii.  p.  4.5. 
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formed  between  the  sheets  of  paper,  more  particularly  at  the 
upper  parts  of  the  anticlines  and  the  lower  parts  of  the  synclines, 
corresponding  exactly  with  the  fissures  in  which  the  saddle  reefs  of 
Bendigo  were  deposited. 

"  The  reefs  at  Bendigo  are  associated  Avith  narrow  intrusive 
dykes  of  dark  gray  dolerite,  Avhich  have  probably  had  some 
influence  upon  their  auriferous  contents. 

"  One  of  the  chief  points  of  interest  about  the  saddle  reefs  of 
Bendigo  is,  that  while  the  '  legs '  of  the  saddles  are  invariably 
found  to  thin  out  and  disappear  in  depth,  the  permanence  of 
the  mines  is  assured  by  the  certainty  of  other  saddles  being 
discovered  almost  perpendicularly  under  the  first,  and  at  greater 
or  less  intervals  of  depth." 

To  the  above  description  it  need  only  be  added  that  if  the 
sheets  of  paper  of  Mr.  Pittman's  experiment  be  replaced  by  a  series 
of  layers  of  some  thick  material  like  thick  felt  or  sheet  india- 
rubber,  whilst  lateral  pressure  is  applied  between  two  vertical 
boards,  the  formation  of  the  spaces  at  the  apices  of  the  folds  will 
be  even  more  clearly  marked ;  their  production  depends  indeed 
on  purely  geometrical  considerations,  the  outer  surface  of  each 
layer  being  necessarily  less  sharply  curved  than  the  inner  surface 
of  the  next  succeeding  one,  so  that  a  certain  area  must  be  included 
between  the  segments  of  the  curves  thus  formed,  the  greatest  thick- 
ness of  which  lies  in  a  line  at  right  angles  to  the  direction  of 
pressure,  whilst  it  tapers  down  to  nothing  at  the  points  of 
maximum  pressure.  The  formation  of  these  saddles  is  therefore 
independent  of  the  composition  of  the  layers  which  form  the 
walls ;  these  may  be  either  different  rocks  or  the  same,  without 
affecting  the  character  of  the  deposit.  In  conformity  with  the  prin- 
ciple previously  laid  down  we  accordingly  classify  them  as  bedded  and 
not  as  contact  veins.  In  the  Bendigo  district  many  of  the  saddles 
are  between  slate  and  sandstone,  as  shown  in  Mr.  Pittman's  ideal 
section.  Fig.  54,  taken  from  Mr.  Rickard's  ^  paper  on  the  Bendigo 
gold-field,  shows  a  section  across  the  Great  Extended  Hustlers,  in 
which  both  walls  of  the  saddle  are  in  sandstone.  Fig.  55  shows  a 
section  across  the  New  Chum  Consolidated  Mine,  taken  from  the 
same  paper,  in  which  the  structure  of  a  typical  saddle  is  Avell  shown. 
Each  fold  forms  what  is  known  as  a  "  line  of  reef,"  all  of  which  run 
apj)roximately  parallel,  bearing  N.25°W. — S,25°E.,  so  that  the  res- 
pective legs  of  the  saddles  are  spoken  of  as  the  east  and  west  legs. 

1  T.  A.  Rickard,   "The  Bendigo  Gold-field,"    Trans.  Amer.  Inst.  Min.  Eng., 
1891,  XX.  p.  499. 
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There  are  some  eleven  of  these  lines  of  reef  recognised,  of  which 
three,  the  New  Chum,  the  Garden  Gully,  and  the  Hustlers,  are  by 


Scale  ICO  feet  to  i  inch. 


Slate 

Sandstone 

P^'^A  Quartz 

Pig.  54.  -Section  across  Great  Extended  Hustlers'  Mine. 

far  the  most  important.     The  first  named  has  been  followed  for  a 
distance  of  fourteen  miles,  the  second  for  seven,  and  the  last  for 


Fig.  05.— Section  across  New  Clium  Mine 


five  miles,  whilst  the  New  Chum  has  been  sunk  upon  for  a 
vertical  depth  of  over  half  a  mile.  It  is  to  be  noted  that  the 
anticlinal  axes  are  not  horizontal  but  have  a  dip  averaging  about 
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one  iu  twelve,  sometimes  to  the  north,  but  sometimes  also  to  the 
south  (Rickard,  loc.  cit.).  Mr.  Pittman,  in  his  paper  already 
referred  to,  brings  evidence  to  prove  that  the  Broken  Hill  silver  lode 
is  "  a  huge  saddle  lode  formed  in  a  fissure  which  owed  its  shape  to 
the  contortions  which  the  gneissic  rocks  have  undergone,"  and 
he  illustrates  his  opinion  by  a  diagram  of  wdiich  Fig.  56  is  a 
reproduction.  This  opinion  is  supported  and  emphasised  in  the 
very  able  monograph  on  this  district  that  has  been  prepared  by 
Mr.  Jaquet.^  According  to  him  the  rocks  of  the  district  consist 
chiefly  of  slates,  schists,  and  gneisses  of  possibly  Silurian  age  or  still 


A  — Cap  of  so-called  int'-usion. 

Fig.  56. — Diagrammatic  section  across  Broken  Hill  Lode. 


older  ;  these  have  been  thrown  into  numerous  flexures,  their  strike 
varying  between  north-east  and  north-west,  whilst  numerous  intru- 
sive rocks  are  associated  with  them.  The  trend  of  the  lodes 
coincides  with  the  strike  of  the  rocks ;  their  walls  show  no  flucan, 
no  slickensides  are  visible,  and  in  fact  there  is  entire  absence 
of  any  evidence  that  might  show  either  wall  to  be  a  plane  of 
shearing ;  in  many  places  the  country  rock  has  been  impregnated 
or  more  or  less  replaced  by  ore,  and  then  no  definite  wall  is  to  be 
found.  There  have  moreover  been  extensive  movements  of  the 
strata,    subsequent    apparently     to    the    original    plication,    but 

^  J.  B.  Jaqiiet,  "Geology  of  the  Broken  Hill  Lode  and  Barrier  Ranges  Mineral 
Field,  New  South  Wales,"  Memoirs  of  the  Geo/oyical  Surety  of  New  South  Wales, 
No.  o,  1894. 
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previous  to  the  deposit  of  the  ore.  Mr.  Jaquet  is  of  opinion  that 
the  ore  contained  in  the  lodes  is  the  result  of  lateral  secretion,  it 
"  having  been  carried  in  solution  from  the  country  rock,  through 
which  it  was  sparsely  scattered,  and  slowly  deposited  in  its  present 
position."  Without  in  any  way  wishing  to  controvert  this  opinion, 
it  is  proper  to  observe  that  the  phenomena  described  by  Mr. 
Jaquet  would  lend  themselves  equally  well  to  an  explanation  by 
the  ascensionist  theory,  and  that  on  either  hypothesis  it  would  be 
proper  to  look  rather  to  the  eruptive  than  to  the  sedimentary  rocks 
for  the  origin  of  the  metalliferous  minerals.  The  primary  ore  of 
this  deposit  seems  to  be  an  intimate  mixture  of  moderately  fine- 
grained argentiferous  galena  and  zinc  blende,  with  a  gangue  of 
quartz,  garnets,  and  felspar ;  iron  and  copper  pyrites  and  a  few 
other  minerals  also  occur.  The  following  is  a  complete  analysis  of 
a  sample  by  Mr.  J.  C.  H.  Mingage,  quoted  by  Jaquet  {op.  cit. 
p.  87)  :- 

Moisture 2-065 

Iron 3  67.5 

Lead 18 -Too 

Zinc 28-2.51 

Copper 0-244 

Arsenic 0-0.57 

Antimonj-      trace. 

Cadniiuni strong  ti'ace. 

Bismuth nil. 

Silver  (30  oz.  4  dwt.  8  gr.  per  ton) 0-092,5 

Gold  (Ooz.  3  dwt.  6gr.  per  ton)       trace. 

Alumina 2-161 

Lime nil. 

Magnesia 2-399 

Sulphur 20-426 

Carbonic  acid 0-350 

Gangue  (insoluble  in  acids)  ...        .....  18-500 

Soluble  salts  (alkaline  sulphates  and  chlorides)  .  O-olO 

99-4855 

A  layer  of  secondary  sulphide  ore,  so-called  "  sooty  sulphide 
ore,"  consisting  of  the  primary  ore  partly  altered  and  enriched, 
coats  the  latter  for  a  thickness  of  from  three  inches  to  three  feet, 
whilst  the  upper  part  of  the  lode  consists  of  oxidised  ores  of  very 
varying  description,  chiefly  carbonate  of  lead  with  sulphate  and 
phosphate,  carbonate  of  zinc,  oxides  of  iron  and  manganese,  native 
copper,  carbonate  and  oxide  of  copper,  and  native  silver  and 
haloid  compounds  of  silver,  principally  horn  silver.  These  oxidised 
ores  are  evidently  a  true  gossan  formed  by  the  action  of  surface 
waters  upon  the  original  sulphide  ore.  The  accompanying  section 
(Fig.  57),  through   the  Jamieson  shaft  on  Block  12,  Broken  Hill 
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Proprietary  Company,  which  is  one  of  many  that  accompany 
Mr.  Jaquet's  report,  will  serve  to  give  a  good  idea  not  only  of  the 
shape  of  the  deposit  but  of  the  mode  of  distribution  of  the  various 
ores  at  that  particular  part  of  the  lode. 

Group  c.  CoNTAcr  Veins. — Contact  veins  are  metalliferous 
veins  deposited  at  the  planes  of  contact  of  two  dissimilar  rocks, 
when  the  dissimilarity  has  played  a  definite  part  in  the  genetic 


N.w. 
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Fig.  57. 


I    "    I    Manganiferous   Ore. 
I  ■"  °-  ■  I     Dry  Low-grade  Ore. 
r'l'fe^    Sulphide  Ore. 
-Section  through  tlie  Jamieson  shaft,  Broken  Hill  Lode. 


relations  of  the  ore  deposit — in  other  words  when  the  deposit 
could  not  have  occupied  the  place  it  does  were  it  not  for  such  dis- 
similarity. This  class  passes  on  the  one  hand  into  that  of  bedded 
veins,  inasmuch  as  they  are  parallel  to  the  stratification  when 
they  occur  between  stratified  rocks,  and  on  the  other  into  that  of 
irreo-ular  deposits  when  it  happens,  as  it  often  does,  that  ore  has  been 
deposited  in  rounded  or  irregular  masses,  which  may  be  more  or 
less  lenticular  in  form,  \\\  spaces  which  have  been  formed  at  the 
junction  of  two  different  rocks.     When  a  series  of  such  lenticular 
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deposits  follows  such  a  plane  of  jiuiction,  it  becomes  a  very  open 
question  under  which  head  the  deposit  should  be  classed,  nor  is  it 
perhaps  a  matter  of  great  importance.  Contact  veins  generally 
occur  at  the  junction  of  eruptive  and  stratified  rocks  or  at  the 
junction  of  shales,  sandstones,  &c.,  with  limestone ;  in  either  case 
mineralising  solutions  will  have  found  their  way  along  the  jjlane  of 
weakness  existing  at  the  contact,  and  have  deposited  metalliferous 
minerals,  either  in  spaces  previously  eroded,  or  else  by  metasomatic 
interchange  with  the  soluble  or  decomposable  portions  of  one  or 
other  of  the  rocks. 

Obviously  a  fissure  vein  occupying  a  fault,  the  throw  of  which  is 
very  great,  may  have  its  two  walls  composed  of  j^erfectly  dissimilar 
stratified  rocks  of  different  geological  ages,  or  may,  by  the  same 
means,  have  one  wall  consisting  of  stratified  and  the  other  of  eruptive 
rocks,  or  again  may  run  between  two  eruptive  rocks  of  different 
kinds  and  different  ages.  Such  a  phenomenon  would  not  however 
wai'rant  us  in  classing  the  deposit  as  a  contact  vein  for  the  reasons 
already  set  forth,  although  it  is  proper  to  observe  that,  in  the  last 
case  especially,  it  would  be  very  difficult  to  distinguish  to  which 
class  the  deposit  really  belongs.  No  conclusion  could  then  safely 
be  arrived  at  without  a  thorough  study  of  the  geology  of  the 
entire  district,  although  this  is  a  case  where  the  distinction  would 
have  an  immense  practical  importance  as  throwing  great  light 
upon  the  probable  permanence  of  the  deposit. 

When  strata  have  been  uplifted  and  have  become  meta- 
morphosed through  the  agency  of  a  central  intrusive  mass,  an 
irregular  band  of  metalliferous  ore  will  sometimes  be  found 
extending  along  the  line  of  contact  between  the  eruptive  and 
altered  rocks,  while  in  other  cases  it  may  be  met  with  at  some 
inconsiderable  distance  from  the  line  of  junction,  with  which, 
however,  it  preserves  a  general  parallelism.  Fig.  58  represents  an 
ideal  section  of  a  line  of  contact  between  a  stratified  and  an 
igneous  rock,  in  the  immediate  vicinity  of  which  occur  the 
metalliferous  deposits  a. 

Some  remarkable  deposits  of  this  character  are  met  with  near 
Framont  in  the  Vosges,  where  masses  of  specular  iron  ore  surround 
a  central  boss  of  quartz-porphyry,  which  has  tilted  the  stratified 
rocks,  and  specular  ore  has  been  introduced  into  all  the  resulting 
fissures  and  cavities,  which  are  frequently  lined  with  beautiful 
crystals  of  that  mineral.  The  sheets  and  strings  of  copper  which 
are  concentrated  at  the  junction  of  tra])  and  sandstone  at  some 
points  on  the  south  shore  of  Lake  Superior,  afford  an  example  of 
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the  dej)Osit  of  a  native  metal  along  the  contact  planes  of  two 
dissimilar  rocks.  The  copper  ores  of  Monte  Catini,  in  Tuscany, 
also  belong  to  this  class  of  deposit,  being  developed  along  the  line 
of  outcrop  of  certain  gabbros,  which  Burat  appears  to  regard  as 
resulting  from  the  metamorphic  action  of  serpentine  ujaon  strata 
of  cretaceous  age. 

One  of  the  most  typical  of  contact  veins  is  the  series  of 
deposits  at  Leadville,  Colorado.  This  has  been  very  thoroughly 
described  by  S.  F.  Emmons,^  and  more  recently  again  by  A.  A. 
Blow  2 ;  both  these  authors  agree  in  describing  the  deposits  as 
following  the  contact  planes  of  eruptive  porphyry  dykes  that  have 
broken  into  at  a  low  angle,  and  have  in  part  overlain  a  bed  of 
dolomitic  limestone.  At  the  plane  of  contact  of  the  igneous  rocks 
and  the  limestone,  the  latter  has  been  shattered,  and  mineralising 
solutions  finding  their  way  along  these  planes,  deposited  the  rich 


silver-lead  ores  by  metasomatic  interchange  between  the  minerals 
carried  in  solution  and  the  constituents  of  the  limestone.  So  far 
both  writers  are  practically  in  accord,  and  the  above  summary  fairly 
rej^resents  their  views,  but  they  differ  diametrically  as  to  the 
probable  source  of  the  metals,  Emmons  holding  that  the  solution 
reached  the  present  locus  of  the  deposit  from  above  not  from 
below,  the  neighbouring  eruptive  rocks  appearing  to  be  the 
immediate  source  whence  the  solution  derived  its  metallic 
constituents.  Blow  on  the  other  hand  says  that  the  ore  deposit& 
were  formed  by  the  action  of  hot  alkaline  mineral-bearing  solu- 
tions coming  from  below,  or  by  metal-bearing  waters  and  vapours 
from  solfataric  action  following  the  ejection  of  the  porphyries 
and  consequent  thereuj)on,  these  ascending   solutions  penetrating 

^  S.  F.  Emmons,  Geology  and  Mining  Industry  of  Leadvi/le,  Colorado.  Ibid. 
"The  Genesis  of  Certain  Ore  Deposits,'  Trans.  Amer.  Insf.  Min.  Eng.,  1886, 
XV.  p.  125. 

^  A.  A.  Blow,  "The  Geologj-  and  Ore  Deposits  ot  Iron  Hill,  Lead^alle, 
Colorado,"  Trans.  Amer.  Insf.  Min.  Eng.    1889,  xviii.  p.  14o. 
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the  limestone  more  readily  along  the  planes  of  contact  of  the 
igneous  and  sedimentary  deposits  and  within  the  zones  of  dis- 
turbance in  which  the  limestone  was  crushed  and  broken  {see  page 
134).  Whichever  therefore  of  these  two  views  be  really  the  correct 
one  is  a  question  that  affects  only  the  remote  origin  of  the 
metallic  ores,  and  not  at  all  the  proximate  genetic  conditions 
of  the  deposit  which  may  be  looked  upon  as  pretty  well  settled. 

A  very  similar  deposit  in  Ouray  County,  Colorado,  has  been  des- 
cribed under  the  title  of  the  bedded  ore  deposits  of  Red  Mountain  ;  ^ 


I-  .  U  b'y  A  Upper  Ij-.-l  Pink 

Vz^Andesite       Lil/jQuaHzite      bll^  Quartzite  \±CSLimestone 

Horizontal  and  Vertical  Scales:  300  feet  to  i  inch. 
Fig.  59. — Section  of  ore  deposit  at  Red  Mountain,  Colorado. 


Vein  Material 


the  ores  as  far  as  known  seem  to  consist  of  auriferous  and 
argentiferous  oxidised  lead  ores  occurring  between  a  lower  bed  of 
white  crystalline  limestone  and  a  thin  upper  bed  of  a  light  red 
argillaceous  quartzite,  which  is  in  turn  overlain  by  eruptive 
andesite ;  there  seems  to  have  been  hardly  enough  work  done  yet 
to  he  able  to  pronounce  very  positively,  but  from  the  description 
given  and  the  section  appended,  of  which  Fig.  .59  is  a  copy,  this 
would  appear  to  be  a  well-marked  example  of  a  contact  vein. 
The  association  with  it  of  fissure  veins  carrying  similar  ores, 
together  with  the  general  character  of  the  deposit,  prevents  the 
acceptance  of  the  hypothesis  that  this  is  an  altered  bed. 

Posepny  describes  several  similar  deposits  in  Eastern  Europe, 
notably  at  Rodna  in  north-east  Transylvania,  at  which  place  ores 

^  G.  E.  Redzie,  "  The  Bedded  Ore  Deposits  of  Red  Moimtain  Mining  Di.strict, 
Ouray  County,  Colorado,"  Trans.  Amer.  Inst.  Min.  Eng.,  Tcvi.  1888,  p.  570. 

M  2 
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consisting  of  pyrites,  zinc  blende,  and  argentiferous  galena, 
slightly  auriferous,  in  a  gangue  of  quartz  and  calcite,  occur  in  a 
layer  (Posepny  calls  it  an  "  ore-bed,"  though  this  must  be  a 
mistake)  of  very  variable  thickness  at  the  contact  of  limestone  and 
andesite.  A  similar  deposit  is  described  by  him  as  occurring  at 
Offenbanya  at  a  contact  plane  between  mica-slate  and  overlying 
limestone ;  it  seems  to  be  connected  in  some  way  with  an  eruptive 
mass  of  andesite  at  the  contact  of  which  with  the  limestone  there  is 
another  similar  deposit,  which  may  possibly  unite  with  the  first 
named. 

It  would  also  be  feasible  to  include  in  this  group  some  of  the 
more  tabular  of  the  red  hsematite  deposits  of  Cumberland,  some 
of  which  might  almost  be  described  as  veins.  It  will  however  be 
best  to  group  all  these  hsematite  deposits  together  in  the  class  of 
irregular  deposits.  The  same  remark  may  also  be  applied  to  the 
pyrites  deposits  of  Huelva.  The  difficulty  of  dealing  with  these 
and  similar  cases  is  due  not  only  to  the  fact  that  there  is  no 
such  thing  as  a  straight  line  in  nature,  and  that  natural  phenomena 
refuse  to  fit  exactly  into  the  columns  of  our  tables,  but  also  to  the 
transition  stage  through  which  the  classification  of  ore  deposits  is 
at  the  present  time  passing.  Obviously  these  deposits  will  be 
grouped  in  one  or  the  other  class  according  as  genetic  or  morpho- 
logical considerations  prevail  in  the  mind  of  the  classifier.  Under 
the  compromise  system,  unsatisfactory  like  all  compromises  must 
be,  which  has  been  provisionally  adopted  here,  such  difficulties 
necessarily  attain  their  greatest  developments. 

Group  d.  Gash  Veins. — This  is  a  somewhat  unsatisfactory 
group,  which  is  maintained  here  more  because  it  has  entered  into 
the  scheme  of  most  previous  classifications  than  for  any  other 
reason  ;  it  should  probably  be  considered  a  special  case  of 
irregular  deposits  formed  in  cavities  eroded  in  limestone  which 
cavities  have  assumed  a  more  or  less  tabular  form  whilst  their 
position  is  approximately  vertical. 

Gash  veins  may  be  defined  as  metalliferous  deposits  which 
occur  in  limestone  rocks  only,  and,  being  confined  to  a  single 
stratum  or  formation,  are  necessarily  limited  in  extent.  The  most 
typical  examples  of  gash  veins  are  probably  those  furnished  by  the 
lead  deposits  of  the  Mississippi  Valley,  in  North  America.  These 
occur  at  three  different  horizons,  of  which  the  Galena  Limestone, 
belonging  to  the  Trenton  Group,  is  the  most  productive.  The 
origin  of  the  cavities  in  which  deposits  belonging  to  this  class 
have  been  formed,  appears  to  be  capable  of  a  simple  explanation. 
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They  are  generally  the  bedding  jslanes  or  joints  of  a  limestone 
rock  which  have  become  channels  through  which  surface  waters 
charged  with  carbonic  acid  have  flowed  into  a  system  of  subter- 
ranean drainage.  These  joints  are,  generally  speaking,  approxi- 
mately at  right  angles  to  one  another,  and  while  some  are  vertical 
others  are  horizontal.  In  the  formation  of  gash  veins  one  or  both 
members  of  a  set  of  crossed  vertical  joints  become  enlarged  into 
lenticular  cavities  or  gashes  ;  but  it  not  unfrequently  happens  that 
the  action  of  water  containing  carbonic  acid  not  only  results  in  the 
formation  of  vertical  or  horizontal  galleries  of  moderate  dimensions, 
but  also  of  irregular  pockets,  some  of  which  may  occasionally  be 
of  considerable  extent.  These  cavities  have  subsequently  become 
filled  with  calcite,  or  sulphides  of  lead,  zinc,  and  iron,  originally 
disseminated  through   the  surrounding  or  overlying  country,  but 


Fig.  00. — Gash  veins ;  after  Wliitney. 

which  were  afterwards  leached  out  and  deposited  in  the  enlarged 
lines  of  jointing  of  the  rock.  In  some  instances  these  cavities 
have  become  further  enlarged  subsequently  to  the  formation  of  a 
deposit  of  ore  in  them  ;  and  in  such  cases  the  ore  may  either  form 
a  central  pillar,  a  sort  of  curtain  depending  from  the  roof,  or  be 
found  as  a  mass  of  fragments  mingled  with  sand  and  clay  lying  at 
the  bottom  of  the  cavity.  The  Carboniferous  Limestone  of  South- 
western Missouri  contains  layers  of  chert  which,  not  being  soluble 
in  carbonic  acid,  sometimes  forms,  where  the  limestone  beneath  it 
has  been  removed  by  the  action  of  acidulous  waters,  either  a  ceiling 
to  a  cavity  or  a  sort  of  diaphragm  across  it.  These  frequently 
break  down  with  their  own  weight ;  and,  falling  to  the  bottom, 
the  fragments  become  cemented  together  with  the  ore,  which  thus 
acquires  a  peculiar  and  brecciated  character. 

Fig.  60  represents  an  ideal  section  of  one  of  the  usual  modes  of 
occurrence  of  gash  veins  in  the  Mississippi  Valley. 
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The  stratum  h  lying  between  a  and  c  entirely  cuts  otf  the 
veins,  the  fissures  not  having  penetrated  into  that  bed.  Should 
the  bed  c  resemble  in  its  characteristics  that  which  is  marked  a, 
similar  fissures  may  be  again  found  in  it  below  h.  In  that  case  they 
will  not  however  be  continuations  of  the  fissures  found  in  a,  but  will, 
on  the  contrary,  be  a  new  set,  originating  and  entirely  comprised 
within  the  bed  c.  In  connection  with  the  main  fissures,  which  may 
or  may  not  be  nearly  vertical,  lateral  branches  will  usually  be  found 
in  the  same  rocks,  possessing  similar  characters  with  regard  to 
their  metalliferous  contents. 

In  connection  with  ordinary  gash  veins  there  are  usually 
deposits  of  lead  ore  in  fiats  or  sheets.  This  ore  is  sometimes 
accompanied  by  veinstone,  and  is  unmixed  with  clay.  The  sheets 
vary  much  in  their  dimensions,  but  are  generally  elongated 
in  one  direction,  and  thin  out  gradually  from  the  centre. 
Several  such  sheets  are  sometimes  connected  by  vertical  or  oblique 
fissures  containing  ore,  as  represented  in   Fig.  61,  descending  by 


Fig.  01. — Lead  ore  in  flats  ;  after  Wliitney. 

zigzags  from  one  stratum  to  another.  The  principal  veinstone 
associated  with  galena  is  calcite,  with  occasionally  a  little  heavy 
spar.  Sheets  of  these  minerals  alternate  with  others  of  calamine, 
blende,  and  iron  pyrites.  In  some  places  the  latter  minerals  are 
more  abundant  than  galena  itself,  and  calamine  not  unfrequently 
becomes  the  predominating  mineral.  Casts  of  fossils  ai"e  sometimes 
found  in  the  galena  from  the  deposits  of  the  Mississippi  Valley. 

These  deposits  have  recently  been  made  the  subject  of  careful 
study  by  several  American  geologists.  One  of  them.  Dr.  Jenney, 
announces  a  general  law  to  the  effect  that  "  all  workable  deposits 
of  ore  occur  in  direct  association  with  faulting  fissures  traversing 
the  strata,  and  with  zones  or  beds  of  crushed  and  brecciated  rock, 
produced  by  movements  of  disturbance.  The  undisturbed  rocks 
are  everywhere  barren  of  ore."  He  describes  most  of  the  deposits 
as  "  runs,"  these   being  irreg'ular  ore  bodies  formed   at  the  inter- 
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section  of  an  ore  horizon  with  a  vertical  fissure  ;  the  roof  and  floor 
of  the  deposit  are  formed  by  the  unmineralised  beds  which  bound 
the  favourable  rock  stratum  above  and  below,  its  width  is  deter- 
mined by  the  extent  to  which  the  rock  was  shattered  so  as  to 
admit  the  mineralising  solution,  and  longitudinally  it  stretches  the 
length  of  the  section  of  the  fissure  which  remained  open  during  the 
formation  of  the  ore.  Dr.  Jenney  is  a  strong  ascensionist,  and  con- 
cludes his  report  thus  ^ :  "  The  only  theory  which,  in  all  observed 
instances,  will  account  for  the  occurrence  of  the  deposits  of  lead  and 
,zinc  ores  and  the  associated  minerals  in  the  Upper  and  Lower  Missis- 
sippi region  is  that  of  ascension,  the  source  of  the  metals  existing 
deep  in  the  primitive  rocks.  With  the  discovery  that  the  ore- 
Tsearing  crevices  are  faulting  planes  of  indefinite  vertical  extension, 
the  classification  of  the  deposits  of  the  Mississippi  Valley  as  the 
fillings  of  '  gash  veins,'  or  crevices  formed  by  the  contraction  or 
shrinkage  of  the  rocks,  and  confined  to  a  narrow  vertical  range 
within  the  oreolosical  horizon,  must  be'abandoned." 

Mr.  A.  Winslow,-  who  has  investigated  the  very  similar 
deposits  of  the  State  of  Missouri,  is  an  equally  decided  lateral 
«ecretionist ;  according  to  him  the  ore  bodies  are  massive,  lenticular, 
tabular,  and  cylindrical  in  form ;  he  looks  upon  them  as  deposits 
"filling  crevices  produced  by  the  action  of  waters  charged  with 
carbonic  acid  and  probably  also  organic  acids,  which  sank  into  the 
rock  along  lines  of  fracture  of  jointing  or  of  shrinkage.  "  The 
fact,  that  crevices  diminish  in  width  and  die  out  with  depth,  is 
proof  of  their  formation  largely  through  surface  agencies."  The 
mineral  is  supposed  by  this  author  to  have  been  originally  diffused 
through  the  country  rock  and  subsequently  concentrated  through 
surface-decomposition  of  the  latter,  supplemented  by  percolation. 
It  is  noteworthy  that  the  latter  writer  never  even  refers  to  the 
term  "  gash  vein  "  in  his  report. 

When  so  much  doubt  is  thrown,  by  those  who  know  them 
best,  upon  the  nature  of  the  deposits  in  the  typical  gash  vein 
region  it  may  well  be  doubted  whether  the  group  deserves  separate 
recognition,  except  as  a  matter  of  temporary  convenience. 

The  pipe  veins  of  the  north  of  England  very  closely  resemble 
gash  veins,  and  were  probably  formed  in  the  same  way,  as  were 
also  many  of  the  hyematite  deposits  in  the  Carboniferous  Limestone. 

^  Walter  P.  Jenney,  "  The  Lead  and  Zinc  Deposits  of  the  Mississippi  Valley," 
Trans.  Amer.  Iiisf.  Min.  Eiuj.,  xxii.  1893,  p.  171. 

-  Arthur  Winslow,  "Lead  and  Zinc  Dei^osits  of  Missouri,"  Trans.  Anier.  Inst. 
Mia.  Eay.,  xxiv.  1894,  p.  634. 
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It  is  liiglily  probable  that  the  metasomatism  has  played  a  more 
important  part  than  is  generally  admitted  in  the  formation  of  all 
the  above  deposits. 

Sub-class  II.    Masses. 

The  deposits  included  in  this  sub-class  are  distinguished  from 
those  of  the  joreceding  classes  by  the  well-marked  morphological 
characteristic,  that  whereas  these  latter  are  more  or  less  tabular 
in  form,  the  former  are  bodies  of  no  definite  shape,  and  of  lesser 
extension.  Sometimes  these  deposits  are  very  large  indeed,  but 
in  such  cases  they  are  usually,  roughly  speaking,  ellipsoidal  or 
lenticular,  having  a  considerable  magnitude  in  each  of  their  three 
dimensions.  The  lenticular  form  is  a  very  common  one,  and  as 
already  pointed  out,  a  series  of  lenticular  deposits  may  be  looked 
upon  and  treated  as  a  bedded  dejDosit  showing  extreme  vai-iations 
in  thickness.  The  deposits  of  this  class  have  received  many 
names,  the  larger  ones  being  known  as  chambers  or  pockets  and 
the  smaller  ones  as  bunches,  blows,  nests,  &c.  The  Germans  have 
used  a  still  larger  variety  of  names,  the  larger  ones  being  known 
as  Stocl-e,  and  the  smaller  as  Butzcn,  Nestcr,  Nieren,  &c.  So  many 
of  these  names,  which  refer  usually  to  the  shape  or  dimensions  of 
the  deposits,  have  a  merely  local  application,  whilst  their  employ- 
ment might  necessitate  calling  a  number  of  deposits,  produced  in 
quite  the  same  way  and  differing  only  in  shajie  or  dimensions,  by 
different  names,  that  it  has  appeared  simpler  to  discard  them  all, 
and  to  speak  of  them  simply  as  masses  or  massive  dej^osits ;  it  will 
be  seen  that  this  class  might  again  be  sub-divided  according  as  the 
whole  massive  deiDosit  consists  of  ore  (intermixed  nevertheless 
with  some  gangue),  or  as  it  consists  of  an  irregular  mass  of 
igneous  rock  impregnated  with  metalliferous  i^articles.  If  this 
classification  were  employed,  groujjs  a  and  d  would  belong  to  the 
latter  and  h  and  c  to  the  former,  but  as  each  grouj)  is  individually 
pretty  well  characterised,  it  has  not  been  thought  advisable  to  insist 
on  such  sub-division. 

Whenever  the  strata  in  which  a  massive  deposit  is  enclosed 
have  been  faulted  subsequent  to  the  formation  of  the  deposit,  it 
naturally  partakes  of  the  movement  of  its  wall  rocks,  so  that 
what  has  been  previously  said  of  the  faulting  of  beds  and  veins 
applies  equally  to  massive  deposits  when  these  happen  to  be 
traversed  by  a  fault  plane. 

Group  a.  Stockworks. — This  ftame  is  aiven  to  a  large  andi 
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indefinite  group  of  irregular  mineral  deposits,  whose  main  charac- 
teristics are  the  following  :  the  mass  consists  of  either  igneous, 
metamorphic,  or  stratified  rock,  which  is  impregnated  with 
metalliferous  mineral,  either  in  the  form  of  small  reticulated 
Ycinlets  or  more  or  less  uniformly  disseminated  through  the  rock 
in  connection  with  veins ;  the  mass  is  irregular  in  outline,  and 
does  not  possess  any  sharply-defined  limits,  merging  gradually 
into  the  surrounding  rock,  the  walls  of  the  deposit  being  accord- 
ingly fixed  by  purely  technical  considerations,  not  by  geological 
distinctions.  This  group  has  accordingly  afiinities  with  fissure 
veins,  especially  such  as  have  been  produced  by  metasomatic  action, 
and  with  the  class  of  veins  known  as  muUoch  veins  in  Australia  ; 
with  the  disseminations  through  beds  of'  Class  I.  from  which  it 
differs  chiefly  in  that  the  ore  deposit  in  the  latter  case  has  definite 
boundaries,  namely,  the  floor  and  roof  of  the  bed,  the  entire  bed 
being  in  that  case  ore  bearing  ;  and  with  some  varieties  of  meta- 
somatic masses,  from  which  it  is  distinguished  chiefly  by  the 
respective  dimensions  of  the  actual  pieces  of  ore,  which  may  be 
very  large  indeed  in  the  case  of  bunches  and  microscopic  in  the 
case  of  stockworks.  The  typical  stockwork,  a  term  that  has  been 
adopted  both  in  this  country  and  in  France,  taken  from  the 
German  Stockicerk,  consists  of  a  mass  of  granitic  rock  traversed 
by  a  network  of  small  veins  interlacing  with  one  another  and 
traversing  the  rock  in  various  directions  ;  the  whole  of  the  ore 
present  is  not,  however,  confined  to  the  veins,  a  considerable 
portion  of  it,  on  the  contrary,  being  contained  in  the  rock  itself. 
These  deposits  are  also  known  as  floors  or  carlonas  in  this  country, 
and  as  Trammerstddce  in  Germany.  Typical  examples  are  the  tin 
deposits  of  Altenberg,  Geyer,  and  Zinnwald  in  Saxony,  and  at  the 
Carclaze,  Beam,  and  Bunny  Mines,  in  the  neighbourhood  of  St. 
Austell,  and  at  various  other  places  in  Cornwall. 

At  Carclaze  the  veins  traversing  the  granite  are  generally 
small  and  vary  considerably  in  composition ;  sometimes  they  consist 
of  schorl  and  quartz,  at  others  of  schorl  and  felspar,  frequently  of 
schorl  alone,  and  occasionally  portions  of  them  are  composed  of 
felspar  only.  They  are  usually,  however,  a  mixture  of  the  three 
minerals,  and  generally  contain  a  certain  proportion  of  tinstone. 
As  in  the  case  of  other  similar  deposits,  the  ore  is  seldom  confined 
to  the  veins  alone  but  is  generally  dispersed  throughout  the  mass 
of  the  contiguous  rock,  into  Avhich,  although  the  line  of  separation 
is  often  distinguishable,  the  veins  frequently  pass  by  imperceptible 
ofradations. 
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On  the  whole  the  veins  jDreserve  a  certain  amount  of  parallel- 
ism, but  there  are  exceptions  to  this,  and  in  such  cases  they  fre- 
quently exhibit  the  ordinary  phenomena  of  heaves  and  slides,  and 
when  such  veins  unite,  they  are  often  enlarged  and  become  propor- 
tionately more  productive.  They  are,  however,  generally  so  small 
and  numerous  and  at  the  same  time  so  intimately  mixed  up  with 
the  rock  mass,  that  the  mine  has  been  for  the  most  part  worked 
open  to  the  day,  forming  an  excavation  250  fathoms  in  length,  100 
fathoms  in  width,  and  about  22  fathoms  in  depth.  These  workings 
were  formerly  carried  on  upon  an  extensive  scale,  but  of  later  years 
Carclaze  has  been  worked  chiefly  for  china  clay,  although  a  small 
cjuantity  of  tin  ore  is  still  collected  during  the  operations.  Beam 
is  situated  about  two  miles  north  of  Carclaze,  and  was  originally 
quarried,  but  was  subsequently  worked  in  the  usual  way  by  mining  ; 
Bunny  resembles  Beam  in  its  usual  characteristics,  but  is  upon  a 
considerably  smaller  scale. 

Carhonas  are  very  similar  deposits  which  may  occur  either 
independently  and  alone  or  else  associated  with  others  of  a  more 
definite  character,  the  latter  being  often  the  case  in  Cornwall. 
Thus  according  to  W.  J.  Henwood,^  at  the  St.  Ives  Consolidated 
Mines  a  carbona  joins  the  Standard  lode  at  a  depth  of  78  fathoms, 
and  at  its  point  of  junction  therewith  the  connecting  surface  is 
not  above  four  or  five  inches  square.  From  that  point  it  has  been 
worked  for  a  distance  of  120  fathoms  in  length,  with  a  constant 
inclination  downward,  until  it  reaches  a  depth  of  nearly  100 
fathoms.  Its  greatest  vertical  extent  is  nearly  ten  fathoms,  and 
its  extreme  width  about  the  same  ;  but  the  average  dimensions 
may  be  taken  at  four  fathoms  high  by  ten  or  twelve  feet  in 
widtii.  It  exhibits  few  of  the  usual  characteristics  of  a  lode, 
being  bounded  above,  below,  and  on  either  side  by  ordinary 
granite.  The  deposit  itself  is  chiefly  composed  of  felspar,  quartz, 
schorl,  and  oxide  of  tin,  very  irregularly  distributed  throughout 
the  mass.  In  some  places  it  contains  in  addition  fluor  spar, 
which  is  not  present  in  the  adjoining  lode,  chlorite,  chalcopyrite, 
erubescite,  and  iron  pyrites.  Throughout  this  mass  there  is  a 
gradual  transition  from  the  composition  of  granite  to  that  of  the 
carbona. 

A  section  of  this  deposit  is  given  in  Fig.  68,  page  207. 

At  Altenberg,  in  Saxony,  the  stanniferous  rock,  which  is 
generally  a  porphyry  of  a  grayish  colour  sometimes  merging  into 
greisen,  a  rock  consisting  of  quartz  and  mica,  forms  a  mass  1,400 
i  Trans.  Boy.  GtoL  Soc.  of  Cormcall,  v.  1843,  p.  21. 
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feet  Iq  length,  and  900  feet  in  width,  surrounded  by  granite  and 
different  varieties  of  porphyry.  This  mass  contains  tin  ore 
over  its  whole  extent,  but  in  such  small  quantities  as  to 
be  almost  imperceptible  to  the  eye.  It  has  a  dark,  often  almost 
black  colour,  and  consists  of  quartz,  felspar,  mica,  specular  iron 
ore,  tin  ore,  and  probably  a  little  wolfram.  Pyrites  is  sparingly 
disseminated  throughout  the  rock,  but  the  quartz,  which  occurs 
in  a  granular  form  without  any  apparent  crystalline  structure 
is  often  the  only  mineral  that  can  be  distinctly  recognised. 
Numerous  veins  of  quartz  traverse  this  fine-grained  metalliferous 
rock  in  all  directions,  in  which  molybdenite,  bismuthine,  copper 
pyrites,  fluor  spar,  topaz,  prehnite,  and  nacrite  sometimes  occur. 
The  rock  differs  from  ordinary  greisen  in  that  its  texture  is  not 
quite  the  same,  and  in  containing  chlorite  and  specular  iron  ore. 
This  rock,  which  is  called  by  the  miners  Ziuitter  or  Stockwcrks- 
jporphyr,  is,  as  well  as  the  neighbouring  granite,  traversed  by 
numerous  small  and  irregular  veins  of  quartz,  each  of  which  is 
bordered,  on  both  sides,  by  dark  stripes.  These  dark  stripes  merge 
without  any  distinct  line  of  junction  into  the  finely  granular 
granite ;  it  would  therefore  seem  as  though  the  dark  stripes  were 
the  result  of  impregnation  by  liquids  traversing  the  vein  fissure 
previous  to  its  becoming  filled  by  quartz.  From  analyses  made  at 
Freiberg  it  would  appear  that  there  is  but  little  difference  in  the 
composition  of  the  unaltered  granite,  the  dark-coloured  stripes 
bordering  the  quartz  veins,  and  the  z witter. 

At  Geyer,  the  rock  enclosing  the  numerous  small  string-like 
veins  is  a  granite  of  which  the  felspar  is  much  decomposed.  This 
granite  has  broken  through  mica  schist,  and  the  associated  minerals 
are  schorl,  fluor  spar,  oxide  of  tin,  and  apatite.  Cassiterite  is  not 
only  present  in  the  small  parallel  veins,  but  is  also  disseminated 
through  the  adjacent  rock.  The  veins  rarely  exceed  two  inches  in 
width  and  gradually  merge  into  the  granite. 

At  Zinnwald,  tin  ore  is  obtained  from  a  granitic  rock  sometimes 
■classed  as  a  greisen,  containing  but  a  very  small  proportion  of 
felspar,  and  forming  a  flattened  dome-shaped  mass,  which  rises 
through  a  larger  one  of  porphyry.  The  whole  of  this  rock  is  fre- 
quently stanniferous,  but  the  most  productive  deposits  exist  in  the 
form  of  concentric  zones,  none  of  which  exceed  twelve  inches 
in  thickness.  Seven  of  these  zones  or  foliations,  which  Burat  ^ 
regards  as  contemporaneous  with  the  granite,  and  from  which  he 
believes  they  were  separated  by  a  sort  of  liquation,  are  of  sufficient 
^  Gdoloijie  Ajjpliquet,  Paris,  1855,  p.  339. 
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iuijDortance  to  allow  of  being  worked  for  tin.  Subsequently  to 
its  consolidation  the  mass  of  the  granite  has  been  faulted  by 
various  fissures,  now  filled  with  clay  and  other  debris,  so  that  the 
metalliferous  zones  have  experienced  numerous  throws. 

An  excellent  description  of  these  deposits  has  lately  been 
25ublished  by  Dr.  Karl  Dalmer;^  according  to  him  a  belt  of 
eruptive  rocks  breaks  through  the  Archsean  sedimentary  formation 
of  the  Erzgebirge  in  a  north-west  line,  along  which  are  a  series  of 
fissures  and  important  faults.  These  eruptives  may  be  classified  as 
(ff)  quartz  porphyry,  the  so-called  Tcpltiz-iiorpliyry ;  (b)  granite 
porphyry,  younger  than  the  former  ;  and  (c)  a  series  of  intrusive 
cones  of  granite,  the  most  recent  of  the  series.  The  tin  deposits 
are  closely  connected  with  the  last-named ;  they  take  the  form  of 
"  impregnation  fissures,"  i.e.,  fissures  in  the  immediate  neighbour- 
hood of  which,  whether  filled  or  empty,  the  country  rock  is  changed 
into  a  gj-eisen-like  rock  and  is  impregnated  with  tin-stone,  the 
vv^idth  of  the  zone  so  altered  varying  from  a  few  inches  to  some 
yards.  The  existence  of  these  impregnation  fissures  is  closely 
connected  with  the  granitic  masses  and  the  rocks  in  contact  with 
them.  In  the  granitic  cones  they  are  generally  confined  to  the 
boundaries  thereof  with  the  older  porphyry  or  with  gneiss,  so  that 
an  outer  ore-bearing  capping  maybe  distinguished  from  the  inner 
unaltered  poor  or  barren  rock  that  succeeds  it  in  depth.  This 
phenomenon  is  well  marked  at  Altenberg,  where  a  granite  cone 
breaks  through  the  granite  por^Dhyry  ;  the  upper  part  of  this  cone 
is  so  completely  traversed  in  every  direction  by  a  close  network 
of  imjjregnation  fissures  that  the  entire  mass,  except  for  some 
residual  portions,  has  been  altered  to  a  stockwork  of  ore-bearing 
greisen  (Zivitter-gestein),  which  extends  to  a  depth  of  some  230 
metres  below  the  summit  of  the  eruptive  cone,  at  which  point 
the  undecomposed  granite  containing  but  a  few  narrow  belts  of 
impregnations  makes  its  appearance. 

The  smaller  granitic  cones  of  Graupen  and  Barenstein  are 
quite  similar  to  the  above.  In  the  Zinnwald  granitic  cone  the 
tin-stone  gets  poorer  in  depth,  as  shown  in  the  section  (Fig.  62). 
In  the  lowest  adit,  some  100  metres  deep,  there  are  only  a  few 
comparatively  poor  veins  of  tin,  which  are  found  close  to  the 
contact  of  the  granite  with  the  porphyry,  and  further  in  there  is 
little  except  undecomposed  granite.  Near  the  Bohemian  side, 
however,  the  stanniferous  greisen  is  found  to  continue  down  below 

■^  "Der  Altenberg-Graiipener  Zinnerzlagerstatten-district,"  Zeitsch  f.  Prakt. 
Gtol.,  1894,  p.  313. 
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this  level.  In  addition  to  the  granitic  stockwork,  the  tin  stone 
impregnations  extend  in  all  cases  into  the  surrounding  porphyry 
and  gneiss  which  are  intersected  by  true  tin  veins  and  by  belts  of 
impregnation.  A  very  regular  zone  surrounds  the  granitic 
stock  work  of  Zinnwald,  as  is  well  shown  in  the  section  (Fig.  62), 

Dr.  Dalmer  explains  these  phenomena  by  adopting  Daubree's 
theory — the  so-called  '"'  pneumatolytic  "  theory  of  the  deposition 
of  tin-stone  by  the  action  of  ascending  vapours  of  the  fluoride,  to 
which  reference  has  already  been  made  (p.  145).  He  supposes 
that  the  metallic  vajjours,  ascending  in  the  slowly  solidifying 
granitic  magma,  attacked  the  upper  portions  of  the  granite  which 
were  the  first  to  solidify,  and  at  the  same  time  penetrated  the 
surrounding  rocks  :  as  solidification  extended  downwards,  the  mass, 
becoming  pasty,  no  longer  afforded  a  ready  passage  to  these 
vapours,  hence  the  lower  part  of  the  cone  remained  comparatively 
unacted  on  and  free  from  tin. 

This  hypothesis  is  worthy  of  being  put  on  record,  but  it  can 
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its  zone  of  impregnation. 

The  datum  line  is  400  metres  above  sea  level. 

Fig.  62— Vertical  section  through  the  tin  stock-work  at  Zinnwald  ;  after  Dalmer. 

hardly  be  looked  upon  as  thoroughly  satisfactory  or  as  explaining 
all  the  phenomena  of  these  tin  deposits.  There  seems  no  urgent 
reason  for  adopting  the  theory  of  pneumatolytic,  in  preference  to 
ordinary  hydrothermal  action. 

At  the  Polberrow  Mines  in  the  parish  of  St.  Agnes,  Cornwall, 
a  pale  blue  slate  of  silky  lustre  is  traversed  by  numerous  small 
tin  veins.  This  rock  extends  to  Trevaunance,  forming  the  sea-clifif 
between  that  place  and  Trevellas  Coombe,  and  contains  many 
small  quartz  veins  in  addition  to  several  lodes  and  cross-courses. 
The  way  in  which  these  tin  veins  occur  in  slate  rock  is  well 
illustrated  in  Fig.  63,  which  represents  a  specimen  from  this 
locality,  of  which  a  lithograph  is  given  by  Henwood,  in  his  valuable 
monograph  on  the  Metalliferous  Deposits  of  Cornwall  and  Devon. 
Writing  in   1888,  this  author   makes  the  following   observations 
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relative  to  the  workings  at  Polberrow  : — "  In  pursuit  of  these 
little  tin  veins  the  excavations  have  been  so  numerous  and  exten- 
sive, that  a  mass  of  rock  extending  from  the  surface  to  sixty  fathoms 
deep,  being  unsupported,  is  now  slowly  subsiding.  The  portion 
thus  in  motion  is  perhaps  sixty  or  eight}^  fathoms  in  diameter,  and 
its  descent  at  the  rate  of  six  or  eight  feet  in  a  month.  The  miners 
still  continue  their  labours  in  the  moving  mass."  This  appears 
to  be  the  only  stockwork  ever  extensively  worked  in  clay  slate, 
and  it  would  be  interesting  to  determine  by  means  of  analysis 
whether  the  whole  of  the  oxide  of  tin  is  contained  in  the  small 
veins,  or  whether  a  portion  of  it  may  not  be  enclosed  in  the  slate 
itself. 

The   mode  of  formation  of  all   these    deposits   is    apparently 


Fig.  63.— Tin  veins  in  clay  .slate,  Polberrow. 

similar ;  the  rock  in  which  they  occur  has  been  shattered  to  a 
greater  or  lesser  extent  by  eruptive  action  or  by  dynamic  move- 
ments of  the  earth's  crust,  either  definite,  but  small  and  irregular, 
cracks  being  formed  through  a  certain  zone,  or  a  portion  of  the 
rocky  mass  being  thoroughly  crumbled  by  the  pressure,  this  latter 
being  more  likely  to  occur  in  the  case  of  a  granular  rock  like 
granite  than  in  that  of  a  stratified  rock.  As  a  result  of  the 
shattering  of  the  rock,  it  was  rendered  permeable  to  mineralising 
solutions,  which  partly  deposited  their  freight  of  metalliferous 
mineral  in  the  open  interstices  or  cracks,  and  partly  exchanged  it 
for  the  more  decomposable  mineral  constituents  of  the  rock,  thus 
forming  impregnations  by  metasomatic  interchange.  The  Avell- 
knovvn  beautiful  pseudomorphs  of  tin-stone  after  felspar  that  have 
been  found  plentifully  in  several  Cornish  mines  are  good  evidence 
of  such  metasomatic  action,  the  chemical  possibilities  of  which  have 
alreadv  been  discussed. 
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Geoup  I.  Massive  Deposits  in  Calcareous  Rocks. — This 
again  is  a  group  ill-defined  both  in  its  genetic  and  its  structural 
relations.  It  is  difficult  to  say  in  some  cases  whether  the  mineral 
deposit  has  filled  a  pre-existing  cavity  or  whether  it  has  been 
formed  metasomatically.  The  bulk  of  the  evidence  seems  to 
declare  that  the  latter  form  is  far  the  more  frequent,  and  that 
many  deposits  that  have  been  referred  to  the  former  were  reall}^ 
produced  by  the  latter  mode  of  action.  This  group  ought  prob- 
ably to  be  made  to  include  that  of  gash  veins,  with  which  some 
of  the  deposits  at  any  rate  have  striking  affinities,  and,  as  alread}' 
pointed  out,  it  merges  by  very  indefinite  degrees  into  that  portion 
of  the  group  of  contact  veins  in  which  one  of  the  walls  is  lime- 
stone. 

Obviously  the  present  grouj)  must  be  taken  to  include  such 
irregular  deposits  as,  though  not  wholly  in  limestone,  have  been 
develof)ed  at  the  contact  of  limestone  with  other  rocks  and  owe 
their  existence  to  the  ready  solubility  of  the  former. 

Typical  deposits  of  this  class  are  the  Cumberland  red  hgematite 
and  the  Forest  of  Dean  brown  haematite  deposits,  a  whole  series  of 
zinc  deposits  in  Belgium,  in  Spain,  in  Corinthia,  and  other  localities, 
and  various  silver  deposits  in  North  America  and  other  parts  of 
the  world.  It  seems  highly  probable  that  the  recent  discovery  of 
Miinster  that  carbonate  of  silver  is  freely  soluble  in  water  con- 
taining carbonic  acid  may  in  part  explain  the  frequency  with  which 
silver  ores  are  found  filling  cavities  in  limestone  rocks. 

The  haematite  deposits  of  Cumberland  will  be  fully  described 
further  on  ;  it  need  only  be  said  here  that  they  are  almost  confined 
to  the  limestones  of  the  Lower  Carboniferous  formation,  of  which 
rock  there  are  some  seven  ^  different  belts  comprised  in  the  Yore- 
dale  rocks  and  the  Mountain  Limestone,  these  belts  being  separated 
usually  by  beds  of  shale,  thin  seams  of  which  occur  in  some  of  the 
limestones.  Deposits  occur  in  all  these  beds  of  limestone,  often  at 
their  ujDper  or  lower  junctions  with  the  shale  beds,  and  occasion- 
ally connected  with  fault  planes  of  more  or  less  importance.  Some 
of  these  faults  are  no  doubt  older  than  the  deposits,  and  stand  in 
direct  genetic  relation  to  them,  but  others  have  faulted  both 
the  beds  and  the  deposits  contained  in  them,  and  are  therefore 
necessarily  of  younger  date. 

Mr.  Kendall's  explanation  of  the  origin  of  these  ores  is  probably 
the  correct  one  ;  he  considers  them  to  have  been  formed  by  meta- 
somatic  replacement  of  the  limestone   by  solutions  of  iron,  the 

'  J.  D.  Kendall,  The  Iron  Ores  of  Great  Britain,  1893. 
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existence  of  which  he  connects  with  the  volcanic  agencies  of  which 
the  district  shows  convincing  evidence.  He  points  out  that  Car- 
boniferous fossils  (chiefly  brachiojoods  and  corals)  have  been  found 
partly  or  wholly  converted  into  heematite,  that  pseudomorphs  of 
haematite  after  calcite  have  been  found  at  Parkside,  and  gives  the 
section  across  an  opencast  working  at  Crossfield  (Fig.  64),  which 
is  here  reproduced.  It  will  be  noticed  that  the  limestone  originally 
contained  a  thin  interbedded  seam  of  shale/;  when  the  ferriferous 
solutions  which  may  possibly  have  come  upwards  through  the  fault 
fissure  to  the  west  of  the  deposit,  attacked  the  limestone,  pro- 
ducing haematite  by  metasomatic  interchange,  no  such  chemical 
reaction  could  take  place  with  the  shale,  which  therefore  remained 
•unaltered  ;  for  a  similar  reason  the   roof  of  the  deposit  consists  of 
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•«-,  'boukler  clay ;  h,  limestone  ;  cc\  limestone,  very  siliceous ;  dd' ,  red  liajmatite  ;  e,  red  and  gray 

shale  ;  /.  gray  shale. 

The  dotted  lines  show  the  sides  of  the  open  cut. 

Fig.  64.— Section  across  the  htematite  deposit  at  CrossSeld ;  after  Kendall. 

a  hard  siliceous  limestone  which  was  less  readily  attacked  than  the 
.softer  and  purer  limestone  below  it.  It  is  obvious  that  this  ore 
could  not  have  been  deposited  in  a  j^re-existing  cavity,  because 
such  a  thin  layer  of  shale  could  not  have  maintained  its  unbroken 
continuity  across  a  cavern  during  all  the  time  that  would  have 
been  required  for  it  to  be  filled  with  the  ore,  whilst  it  is  very 
doubtful  whether  a  roof  arching  downwards,  as  in  this  case,  could 
have  stood  without  falling  in  for  so  long  a  period.  Moreover  the 
gradual  passage  from  clean  ore  through  red-stained  limestone  into 
comjDaratively  pure  limestone  is  best  explained  by  the  theory  here 
adopted. 
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All  the  zinc  deposits  above  mentioned  present  several  points  of 
similarity.  In  Belgium  {sec  p.  3G0)  the  highly  contorted  Carboni- 
ferous limestone  is  traversed  by  a  series  of  fissure  planes  whose 
general  direction  is  N.N.W. — S.S.E.,  which,  together  with  certain 
true  fissure  veins,  are  evidently  connected  with  the  irregular  de- 
posits of  calamine ;  these  latter  are  generally  developed  at  the 
contact  of  the  limestone  with  the  strata  immediately  above  ami 
below  it,  and  it  seems  pretty  evident  that  these  deposits  have  been 
formed  by  the  metasomatic  action  of  zinciferous  solutions  circulat- 
ing in  these  fissures  upon  the  limestone.  This  view  is  corroborated 
by  the  existence  of  fossils  partly  or  wholly  converted  into  cala- 
mine, as  well  as  by  the  general  characteristics  of  the  deposits. 

At  Raibl  in  Corinthia  a  series  of  limestones  and  dolomites  of 
Triassic  age,  overlain  by  schists,  have  been  broken  up  by  numer- 
ous fissures.  Along  these  are  found  irregular  deposits  of  calamine, 
which  are  often  found  to  retain  the  characteristic  cellular  form  of 
the  calcareous  rocks.  Similar  deposits  again  occur  at  Carthagena 
and  at  Santander,  the  former  in  rocks  of  Permian,  the  latter  in 
rocks  of  Cretaceous  or  Post-cretaceous  age.  The  geological  horizon 
of  these  deposits  is  therefore  very  variable,  whilst  their  general 
characteristics  ai'e  uniformly  similar,  pointing  in  each  case  to 
identical  modes  of  origin.  It  is  in  many  cases  doubtful  whether 
the  calamine  was  deposited  as  such,  or  whether  it  is  an  alteration 
product  of  zinc  blende. 

A  number  of  extensive  and  important  deposits  of  silver  ores  in 
limestone  rocks  are  known  in  the  United  States,  such  as  the 
Eureka  Consolidated  and  Richmond  mines  in  Nevada,  the  Emma, 
Flagstaff,  and  Kessler  Cave  Mines  in  Utah,  &c.  These  may  have 
been  produced  metasomatically,  like  the  previously  described  de- 
posits, and  this  theory  would  no  doubt  explain  all  the  observed 
phenomena. 

Dr.  Newberry,  however,  believes  that  the  erosion  of  the  spaces 
within  which  the  ores  occur  was  long  antecedent  to  the  deposition 
of  the  ores,  his  explanation  being  as  follows  : — 

A  stratum  of  limestone  more  than  usually  soluble  in  atmospheric 
waters  containing  carbonic  acid,  has  at  some  period  been  honey- 
combed into  chambers  and  galleries,  such  as  those  which  traverse 
the  limestone  plateau  of-  Central  Kentucky,  of  which  the  Mam- 
moth Cave  is  a  well-known  example.  Subsequently  the  rock  Avas 
broken  through  and  uplifted  by  the  subterranean  forces  which 
have  disturbed  all  important  mining  districts,  and  through  the 
fissures  thus  formed,  mineral  solutions  ascended   and  flowed  into 
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any  cavity  that  might  be  open  to  receive  them.  Whenever  these 
fissures  traverse  an  insoluble  rock,  they  have  become  fissure 
veins,  whereas,  when  cavernous  limestone  was  broken  into,  its 
open  galleries  and  caverns  were  more  or  less  completely  filled 
with  ore.  It  has  been  suggested  that  the  caves  now  holding 
these  ores  may  have  been  produced  by  the  action  of  the  same 
metalliferous  solutions  from  which  the  ores  were  deposited.  This, 
however,  he  does  not  think  probable,  since  many  of  the  cavities 
are  without  ore  and  have  their  sides  incrusted  with  crystals 
of  calcite  ;  and  even  where  ore  is  met  with,  the  surrounding  walls 
are  always  hard  and  unimpregnated  with  ore.  He  concludes 
therefore  that  the  chambers  were  formed,  like  modern  caves,  by 
surface  waters,  and  that  at  the  time  the  country  was  uj)lifted  and 
the  rock  shattered  some  of  them  only  were  broken  into  ;  these 
alone  received  the  metalliferous  solutions  and  ultimately  became,  at 
least  partially,  filled  with  ore,  while  those  which  were  not  in  com- 
munication with  the  metalliferous  channels  have  remained  empty. 
The  character  of  the  ores  contained  in  these  chambers  varies  as 
much  as  it  does  in  ordinary  fissure  veins,  thus  showing  that  the 
nature  of  the  metalliferous  solutions  was  not  always  the  same  in 
different  localities.  There  can  be  no  doubt  that  argentiferous 
galena  was  the  ore  most  abundantly  deposited  in  these  chambers, 
but  in  some  cases  it  was  associated  with  large  quantities  of 
iron  pyrites,  while  in  others  this  mineral  is  almost  entirely  absent. 
The  ratio  of  gold  to  silver  varies  greatly  in  such  ores  ;  those  of 
the  Eureka  Mine  are  rich  in  lead,  and  contain  much  iron,  while 
the  aggregate  value  of  the  precious  metals  is  about  £14  per  ton,  of 
which  one  half  is  represented  by  gold  and  the  other  half  by  silver. 
The  ores  of  the  Emma  Mine  were  richer  in  lead,  and  contained  less 
iron  and  a  little  copper,  but  much  more  silver  and  less  gold.  Similar 
differences  occur  in  all  the  chamber  mines,  but  in  every  instance 
the  ore  has  become  thoroughly  oxidised.  In  some  of  the  neigh- 
bouring fissure  veins,  however,  the  decomposed  ores  of  the  chambers 
are  represented  by  unaltered  masses  of  galena  and  iron  pyrites, 
in  which  forms  the  ores  were  doubtless  originally  deposited  in  the 
caverns  of  the  limestone ;  in  such  veins  the  galena  usually  carries 
the  silver,  and  the  pyrites  the  gold.  The  enormous  production  of 
•  silver  and  gold  from  the  chamber  mines  already  worked  in  the 
United  States  sufficiently  demonstrates  the  great  importance  of 
this  class  of  deposit,  but  should  the  theory  suggested  by  Dr. 
Newberry  be  correct,  they  cannot  b6  expected  to  extend  to  such 
great  depths  as  the  ore-bodies  of  fissure  veins ;  since  the  excava- 
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tion  of  the  limestone  if  j)i-oduced  by  meteoric  water,  cannot 
extend  beyond  the  zone  traversed  by  surface  drainage. 

It  will  be  seen  that  the  above  theory  really  demands  that  the 
rocks  shall  have  been  traversed  by  two  entirely  different  systems 
of  water  circulation,  the  first  an  unsaturated  one  of  probably 
vadose  waters  containing  sufficient  carbonic  acid  gas  to  dissolve  the 
limestone,  and  the  second  a  solution  containing  so  much  metallic 
matter  in  solution  as  to  be  able  to  deposit  sufficient  to  fill  the 
caverns  with  ore ;  it  also  demands  that  the  forces  which  shattered 
and  uplifted  the  rocks  shall  have  done  so  without  crushing  in  the 
caverns,  and  it  is  hardly  clear  how,  after  being  near  enough  to  the 
surface  to  be  thus  eroded,  the  bed  came  to  be,  after  farther  upheaval, 
at  a  sufficient  depth  for  the  cavities  to  be  filled  with  mineral,  there 
being  no  evidence  to  suggest  that  this  deposition  of  ore  took  place 
near  the  surface  of  the  earth's  crust.  It  v/ould  seem  therefore  a 
simpler  explanation  to  consider  these  deposits  as  having  been 
formed  metasomatically  by  the  action  of  solutions  that  circulated 
through  the  fissures  referred  to  by  Dr.  Newberry,  the  difference 
betAveen  this  theory  and  his  being  that  solution  of  the  limestone 
and  deposition  of  the  ore  by  the  former  hypothesis  are  supposed  to 
have  gone  on  simultaneously,  and  not  in  successive  stages  separated 
by  a  wide  interval  of  time. 

A  form  of  deposit  allied  to  this  class  is  that  of  the  bunches, 
pipes  and  flats  of  lead  and  zinc  ores,  generally  the  former,  that 
are  often  found  to  accompan}'-  veins  of  these  minerals.  They  are 
not  uncommon  both  in  the  north  of  England  and  in  the  Derby- 
shire lead-mining  districts,  being  in  both  nearly  or  quite  confined 
to  the  limestone  strata  traversed  by  these  veins.  These  deposits 
seem  to  be  closely  allied  genetically  and  even  to  some  extent 
morphologically  to  gash  veins,  and  seem  to  have  been  formed  by 
deposition  in  pre-existing  cavities. 

Group  c  Masses  ix  Igneous  Rocks. — A  very  large  and 
important  series  of  mineral  deposits  occurs  in  the  form  of  irregular 
masses,  often  of  a  more  or  less  lenticular  shape,  either  in  igneous 
rocks,  or  closely  connected  with  these  latter,  sometimes  at  the  plane 
of  contact  of  the  igneous  rock  with  an  older  one  ;  in  this  last 
case,  as  already  pointed  out,  they  present  marked  analogies 
with  contact  veins  from  which  they  can  only  be  differentiated 
by  their  form  being  lenticular  rather  than  tabular.  These  deposits 
have  been  recently  studied  very  exhaustively  by  J.  H.  L.  Vogt,^ 

'  J.  H.  L.  Vogt,  "  Bildung  v.  Erzlagerstiitten  durch  Diiferentiations-processe 
in  basischen  Eruptivmagniata,"   Zeitsrh.  /.    Prakt.    Geologie,    1893,   p.   4,  &c.  ; 
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who  considers  that  most  of  them  have  been  formed  by  "  magmatic 
differentiation"  from  the  igneous  rock,  whilst  the  latter  was  still 
in  a  semi-fluid  or  plastic  condition.  The  chief  deposits  of  this 
class  are  deposits  of  oxidised  ores  such  as  magnetite,  ilmenite,  &c., 
and  of  sulphuretted  ores,  mainly  iron  pyrites,  either  cupriferous  or 
nickeliferous,  or  both. 

It  is  very  doubtful  how  far  Vogt's  generalisations  respecting 
the  sulphide  ore  deposits  are  admissible.     In  the  first  place  it  has 
never  yet  been  shown  that  iron  pyrites  is  capable  of  fusion  without 
decomposition ;  it  is  well  known  that  it  is  decomposed  when  heated 
to    moderate  redness  in  closed   vessels,  but  certain  experiments 
upon  its  formation  that  have  been  recorded  by  Dr.  Percy,^  would 
seem  to  warrant  the  inference  that  it  may  resist  a  higher  tempera- 
ture if  heated  in  sulphur  vapour  and  therefore  if  heated  under 
great  pressure.     It  may  in  either  case  be  considered  certain  that 
the  melting-point  of  this  compound,  or  of  any  other  of  the  metallic 
sulphides  found  associated  with  it,  must  be  considerably  lower  than 
that  of  an  ordinary  eruptive  rock,  and  that  any  sulphides  con- 
tained in  it  must  accordingly  have  retained  their  liquid  form  long 
after  the  rock  itself  had  become  solid,  and  have  therefore  crystal- 
lised or  solidified  in  the  interstices  between  the  mineral  constituents 
of  the  rock.     This,  however,  is  by  no  means  the  position  in  Avhich 
these  sulphide  ores  are  found.     It  is  known  with  certainty  that 
iron  pyrites  and  the  sulphides  that  accompany  it  in  these  deposits 
can  be  produced  by  precijaitation  from  solution  and  have  been  thus 
formed  in  mineral  veins.     It  would    accordingly  seem  preferable 
to  refer  the  genesis  of  all  these  sulphide  deposits  to  hydrothermal 
action  and  to  look  upon  them  as  having  been  introduced  into  the 
sites  they  now  occupy  in  the  form  of  solutions  ;  they   may  have 
percolated   through  shrinkage  cracks  or  into  cavities  formed  by 
shrinkage  either  in  the  mass  of  the  solidified  igneous  rock  or  between 
it  and  the  stratified  rocks  through  which  it  jDenetrated,  and  the 
solutions  would  in  all  probability  not  only  fill  the  cavities  but  also 
attack  their  walls,  depositing  metallic  minerals,  or  dissolving  the 
non-metallic    rock-forming    mineral,  just    as    in    the    analogous 
case  of   fissure  veins.     The  wider  question  whether    or    not   the 
ores  were  brought  up  in  a  fused  state  disseminated  through  the 
igneous    rocks    hardly    admits    of    a   positive    solution   as   yet, 

"Beitriige  zur  genetischen  Classification,"  &c.  Ztit.  f.  Prali.  GeoL  1894,  p.  381  ; 
"  tJber  die  Kieslagerstlitten  vom  Typus  Roros,"  &c.  Z.  f.  Prakt.  Gtol.  1894, 
p.  41,  &c. 

1  John  Percy,  Iron  and  Steel,  1864,  p.  41. 
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althouob  a  2;ood  deal  of  evidence  has  been  accumulated  that  seems 
to  point  to  an  ultimate  answer  in  the  affirmative.  The  connection 
between  igneous  eruption  and  sulphuretted  vapours  and  sulphur 
deposition  is,  however,  too  constant  to  be  overlooked. 

With  regard  to  oxidised  ore  deposits  the  case  is  somewhat 
ditferent,  many  oxidised  ores,  magnetite,  for  instance,  being  known 
to  be  fusible  as  such,  and  to  occur  plentifully  in  certain  eruptive 
rocks,  as  apparently  original  integral  constituents  thereof.  The 
large  magnetite  deposits  in  granitic  and  gneissose  rocks  of 
Scandinavia,  the  United  States,  &c.,  may  have  been  segregated 
out  from  these  rocks  whilst  the  latter  were  in  such  a  condition  of 
semi-fluidity  as  to  admit  of  their  particles  rearranging  themselves 
freely.  The  rocks  need  not  have  been  absolutely  molten  for  this 
action  to  be  possible;  tbeir  crystalline  structure  is  indeed  sufficient 
proof  that  their  particles  possessed  such  freedom  of  movement, 
which  was  no  doubt  largely  aided  by  the  presence  of  aqueous 
vapour  under  high  tension.  The  magnetic  properties  of  the  ore 
would  be  sufficient  reason  why  the  metallic  particles  should  tend 
to  cohere  and  thus  segregate  out  of  the  magma.  At  the  same 
time  it  is  quite  possible  that  these  ores,  like  the  sulphuretted  ores, 
were  in  a  state  of  solution  and  owe  their  origin  to  some  chemical 
action — a  reducing  action  |)erhaps  upon  salts  of  iron,  either  at 
high  or  at  low  temperatures. 

According  to  some  authorities  they  were  originally  deposited 
among  the  stratified  rocks  either  as  brown  haematites  (compare 
the  origin  of  lake  and  bog  ores),  or  as  carbonates,  and  were  altered 
to  magnetite  by  the  same  metamorphic  action  that  altered  the 
strata  enclosing  them.  It  is  clear  that  if  this  last  theory  or  if 
that  of  Vogt  be  adopted,  this  group  of  deposits  should  strictly  be 
classed  as  symphytic  instead  of  epactic.  In  view,  however,  of 
the  uncertainty  as  to  their  origin  which  still  prevails,  their 
structural  analogies  with  other  irregular  deposits,  and  the  fact 
that  they  may  be  viewed  broadly  in  relation  to  the  surrounding- 
stratified  rocks  which  were  obviously  formed  before  the  igneous 
rocks  with  which  these  deposits  are  connected,  and  which 
Avould  in  this  sense  be  older  than  the  deposits,  it  has  been 
thought  best  to  retain  this  group  in  the  position  it  here  occupied 
in  close  conformity  with  the  arrangement  of  previous  classifications. 

As  a  typical  example  of  the  oxidised  deposits,  the  well-known 
deposit  of  magnetite  at  Dannemora  in  Sweden  can  be  cj^uoted  ;  it 
consists  of  a  series  of  lenticular  masses  of  ore,  the  largest  of  which 
is  50  metres  wide  and  200  metres  deep;  these  masses  are  con- 
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tained  in  a  narrow  belt  of  limestone  runninsf  from  north-east  to 
south-west.  This  latter  rock  is  intercalated  between  masses  of 
hdllefiinta,  a  gray  porph3-ritic  c[uartz  rock,  which  in  places  forms 
the  actual  wall  of  the  deposit ;  all  the  surrounding  rocks  are 
highly  metamorphosed,  consisting  largely  of  granite  and  gneiss. 
The  origin  of  the  magnetite  deposits  seems  to  be  closely  connected 
with  the  existence  of  the  igneous  and  raetamorphic  rocks  of  the 
district,  although  their  exact  genetic  relations  have  not  been  deter- 
mined. Other  Scandinavian  deposits,  such  as  those  of  Norberg  in 
Sweden  and  of  Gellivara  in  Norway,  consisting  of  magnetites  and 
hsematites  in  metamorphic  rocks  closely  associated  with  various 
igneous  ones,  may  also  be  included  in  this  class. 

On  the  west  shore  of  Lake  Champlain  in  Northern  New  York 
State  there  are  a  number  of  deposits  of  magnetite  of  a  more  or  less 
lenticular  form,  the  enclosing-  rocks  beinof  gneiss  or  granite.  These 
mines  are  all  in  the  neighbourhood  of  Port  Henry,  the  largest 
being  the '  so-called  Old  Bed  Mines ;  these  were  first  worked  as 
apatite  deposits,  consisting  at  the  surface  of  granular  apatite  with 
which  a  good  deal  of  magnetic  iron  ore  was  intermixed,  the  latter 
having  to  be  separated  out.  In  depth  the  amount  of  apatite 
decreased  so  rapidly  that  the  deposit  has  admitted  of  being  worked 
for  many  years  as  a  Bessemer  ore.  The  chief  deposit  is  over  20O 
feet  thick  and  1,500  feet  long.  There  are  a  number  of  thinner 
deposits  that  either  resemble  or  are  true  veins  more  or  less  parallel 
with  the  bigger  deposits,  in  which  the  ore  is  free  from  apatite,  but 
is  associated  Avith  a  good  deal  of  quartzose  gangue.  The  strike  of 
these  vein-like  deposits  is  about  north — south,  and  they  dip  at 
about  40°.  It  is  noteworthy  that  none  of  these  deposits  have  any 
true  walls,  the  ore  passing  gradually  into  the  country  rock  through 
various  stages  of  poor  ores.  The  country  rock,  even  at  con- 
siderable distances  from  the  deposits,  contains  disseminated 
magnetite.  It  is  upon  the  whole  highly  probable  that  these 
deposits  have  been  formed  by  magraatic  segregation. 

According  to  Vogt  ^  deposits  of  chromite  all  over  the  world  are 
basic  magmatic  segregations  from  peridotite,  occurring  as  lenticular 
masses  of  varying  dimensions  in  peridotite  or  in  serpentine  result- 
ing from  the  alteration  of  that  rock.  The  proportion  of  Cr^Og  in 
the  actual  rock  is  about  0'2  to  0"o5  per  cent.,  and  it  bears  no 
relation  to  the  degree  of  serpentinisation  of  the  rock,  wdiich  shows 
a  gradual  passage  from  peridotite  to  chromite  through  stages 
characterised  by  varying  amounts  of  Cr.,  O3. 
1  Op.  cit.  1894,  p.  381. 


RAMMELSBERG    DEPOSIT 


183 


There  are  numerous  excellent  examples  of  massive  deposits  of 
sulphuretted  ores  either  in  or  associated  with  igneous  rocks ; 
amongst  these  may  be  mentioned  the  big  deposits  at  Rammelsberg, 
various  Scandinavian  deposits,  the  important  deposits  of  Hvielva 
on  the  boundary  between  Spain  and  Portugal,  Sudbury  in  Canada, 
and  many  others. 

At  Rammelsberg  an  irregular  rather  flattened  lenticular  mass 
of  ore  witli  a  curious  lateral  offshoot  has  been  worked  for  some 
900  years,  the  deposit  being  1,100  to  1,200  metres  long  and  15  to 
20  metres  wide ;  its  structure  is  shown  by  the  section  TFig.  65) 
taken  from  Yogt's  jjaper.     It  lies  between  inverted  Goslar  slates 


Goslar-  Slate 
contorted  and 
false  bedded. 


Fig.  6o. — Ideal  section  of  the  pyrites  deposit  at  Rauimelsberg  ;  after  Vogt. 

(base  of  the  Upper  Devonian)  on  the  hanging  wall  and  the  same 
slates  occupying  their  normal  position  on  the  foot  wall  side^ 
occupying  the  centre  of  a  broad  "  shear-zone  "  or  series  of  faulting 
planes;  its  formation  is  closely  connected  with  certain  lines  of 
eruption  of  granite  in  the  immediate  neighbourhood,  and  the 
presence  of  the  ore  may  be  due  to  the  eruption  of  these  rocks  by 
which  the  ores  were  brought  in,  as  Vogt  believes,  or  else  they 
Avere  deposited  in  the  sjjaces  formed  in  the  above  shear-zone  from 
metalliferous  solutions. 

Whichever  theory  be  the  correct  one  the  facts  of  the  deposit 
seem  to  be  fairly  well  ascertained,  and  it  is  interesting  to  compare  the 
section  here  reproduced  with  the  older  ones  on  pages  892  and  393. 

Of  the  Norwegian  deposits  that  at  Varaldso  may  be  taken  as 
the  type.     As  shown  in  Fig.  66  this  mine  is  working  on  several 
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narrow  lenticular  deposits  that  have  a  vein-like  extension,  and 
often  approximate  to  linear  dimensions  like  pipe  veins.  They  are 
imbedded  in  Cambrio-Silurian  metamorphic  schists,  to  the  bedding 
of  which  they  are  parallel ;  the  deposits  at  times  pass  gradually 
into  the  surrounding  country  rock  instead  of  showing  definite 
walls,  and  the  rocks  are  traversed  by  shear-zones.  This  deposit, 
like  all  other  Norwegian  deposits,  is  accompanied  by  a  well- 
marked  development  of  sassurite  gabbros,  with  the  presence  of 
Avhicli  the  existence  of  the  deposit  seems  to  be  intimately 
connected. 

The  deposits  of  cupriferous  iron  pyrites  in  the  Spanish  j^rovince 
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Fig.  66.— Section  through  tlie  jiyritcs  deposit  at  Varaklso  ;  after  Vogt. 

of  Huelva  and  in  the  neighbouring  district  of  Portugal  are  of  very 
great  importance.  The  largest  deposits  are  those  of  Rio  Tinto, 
the  so-called  north  vein  being  2,009  metres  long  and  150  metres 
wide,  and  the  so-called  south  vein  550  metres  long  by  120  wide; 
the  depth  to  which  they  have  been  worked  is  some  160  metres. 
Other  important  deposits  are  those  of  Tharsis,  San  Domingo, 
Lagunazo,  &c.  As  shown  by  Fig.  07,  a  section  across  the  south 
vein  of  Rio  Tinto  after  de  Launay,  the  ore  occurs  in  irregular 
lenticular  masses  intercalated  between  a  jjorphyry  dyke  and 
Carboniferous  schists.  The  ore  consists  of  iron  pyrites  with  small 
quantities  of  other  minerals,  galena,  zinc  blende,  chalcopyrite,  &c,, 
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carrying   about   2'5    per    cent,  of  copper,  together  with   a  small 
proportion  of  silver  and  traces  of  gold. 

Group  d.  Disseminations  in  Igneous  Rocks. — This  is  a 
small  and  ill-defined  group,  in  which  may  be  included  deposits 
that  resemble  stockworks,  but  show  no  definite  veins ;  deposits 
like  those  of  the  last  group  in  which  each  individual  mass  is  so 
small  as  not  to  be  workable  separately*,  but  to  necessitate  the 
entire  mass  being  worked  ;  deposits  related  to  group  c  of  the 
symphytic  dejjosits  in  which  an  igneous  and  not  a  stratified  rock 
has  been  impregnated  by  some  metallic  mineral ;  and  igneous 
rocks  from  which  a  metallic  constituent  has  separated  out  in 
small  particles  by  segregation.  These  deposits  have  been  some- 
times described  as  imirrc  gnat  ions,  but  the  term  here  used  seems 
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Fig.  67. — Cross-section  of  the  "  South  Vein  "  at  Rio  Tinto. 


preferable  because  it  does  not  necessarily  imply  mineralisation 
subsecjuently  to  the  formation  of  the  rock. 

A  typical  example  of  this  group  is  presented  by  certain  of  the 
<Ieposits  of  native  copper  of  Keweenaw  Point,  Lake  Superior, 
The  origin  of  these  deposits  is  thus  ably  summarised  by  M.  E. 
Wadsworth,^  State  Geologist  of  Michigan  :  "  A  deposit  of  sandstone, 
overlain  by  lava-flows,  mingled  with  more  or  less  of  inter-bedded 
conglomerates,  and  finally  overlain  by  sandstone.  Subsequently 
these  beds  suffered  lonoitudinal  and  cross-fracturing  and  faultinof. 
Later  all  were  acted  upon  by  percolating  waters,  both  hot  and 

^  Report  of  the  State  Board  of  Gtolorjvxil  Survey,  Mirlwjan,  Jor  the  Years  1891 
■and  1892,  p.  170. 
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cold,  by  which  the  rocks  wei'e  altered  to  a  greater  or  less  extent, 
and  the  copper  Avas  concentrated  and  stored  up  in  the  conglomer- 
ates, lavas,  and  veins,  in  which  it  is  now  found." 

It  is  evident  that  there  are  here  deposits  that  show  a  common 
origin,  but  nevertheless  belonging  to  three  different  groups, 
namely,  disseminations  through  beds,  fissure  veins,  and  dissemina- 
tions in  igneous  rocks.  It  is  only  with  the  last  named  that  we 
are  here  concerned.  The  Quincy,  Franklin,  Huron,  Osceola, 
Atlantic,  and  in  part  the  Copper  Falls  mines  are  all  engaged  in 
mining  ancient  lava-flows,  now  converted  into  melaphyrs  contain- 
ing disseminated  native  cojjper,  which  is  deposited  in  all  manner 
of  irregular  forms,  sometimes  apparently  as  a  pseudomorph  after 
calcite ;  with  the  copper,  native  silver  also  occurs,  and  many 
specimens  are  Avell  known  in  which  the  copper  and  silver  may  be 
seen  in  contact  in  the  same  lump  of  metal  but  not  alloyed  as 
would  be  the  case  had  the  lump  solidified  from  the  fused  state  or 
been  exposed  to  a  temperature  higher  than  1,000^C.  subsequently 
to  its  formation.  Moreover  the  copper  is  often  found  enclosed  in, 
and  enclosing  zeolites  or  similar  hydrated  minerals  known  to  be 
formed  by  aqueous  agencies,  under  conditions  proving  that  these 
minerals  and  the  copper  were  deposited  simultaneously.  It  is 
scarcely  possible  to  doubt  that  the  copper  was  produced  by 
aqueous  action,  leached  according  to  some  authorities  out  of  the 
overlying  heavy  lava-flows.  Why  it  was  deposited  as  native 
copper  and  not  as  suljahide,  Avhich  is  the  usual  form  assumed  by 
deep-lying  copjDer  ores,  it  is  at  present  impossible  to  explain. 
Pumpelly  suggests  that  copper-salts  have  been  reduced  by  the 
action  of  suboxides  of  iron  which  latter  were  thereby  peroxidised, 
and  he  thus  associates  the  existence  of  the  native  copper  with 
that  of  the  iron  ores  of  the  same  region. 

An  interesting  example  of  this  group  is  afforded  by  certain 
platinum  dei3osits  in  Russia.  The  bedrock  of  some  deposits  of 
alluvial  platinum  on  the  rivers  Vyzaj  and  Kaiva,  on  the  western 
flanks  of  the  Urals,  has  been  found  to  consist  of  an  ohvine  gabbro 
containing  disseminated  platinum,  but  not,  it  would  seem,  in 
workable  quantities.  A  similar  deposit  has  been  discovered  more 
recently  at  Goroblago-datsk,  on  the  eastern  side  of  the  same 
mountain  chain,  consisting  of  platinum  and  chromite  disseminated 
in  an  olivine  rock,  which  has  yielded  at  the  rate  of  14  dwt.  9  grains 
of  coarse  platinum  dust  to  the  ton  of  rock.  It  is  said  that  this 
deposit  is  being  exploited.^ 

1  Ztitsch.  f.  PraJcf.  Geol.  1893,  p.  87, 
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Numerous  other  examples  might  be  quoted,  but  these  will 
suffice  to  show  the  general  charactei'S  of  the  group ;  as  already 
jjointed  out,  it  has  affinities  with  many  other  groups,  including  as 
it  does  deposits  that  may  have  been  formed  in  many  different 
ways.  It  is  hardly  necessary  to  repeat  that  this  undesirable 
condition  is  unavoidable  in  a  transition  state  of  the  science,  and 
above  all  when  a  classification  based  jjartly  on  genetic  and  partly 
on  morphological  characteristics  is  employed. 


PART  II 

ORE    DEPOSITS    OF    THE    PRINCIPAL 
MINING    REGIONS. 

In  selecting  for  description  some  of  the  more  important  ore 
deposits  of  the  world,  they  will  be  grouped  in  accordance  with 
their  geographical  distribution,  and  will  be  chosen  either  on 
account  of  their  economic  importance,  or  because  they  exhibit 
unusual  and  instructive  phenomena. 

The  principal  deposits  of  the  various  mining  countries  will  be 
described  in  the  following  order : — 

Europe. — The  United  Kiugdom,  France,  Belgium,  German 
Empire,  Austro-Hungarian Monarchy, Italy,  Greece,  Spain,  Portugal, 
Scandinavia,  Russian  Empire  with  Asia  in  part,  Turkey. 

Asia  and  Oceania. — Indian  Empire,  Malay  Peninsula, 
Siam,  Malay  Archipelago,  Philippine  Islands,  Japan,  China,  &c., 
Australasian  Colonies,  New  Caledonia. 

Africa. — Algeria,  Cape  of  Good  Hope,  Gold  Coast,  Transvaal,  &c. 

North  America. — United  States,  •  Dominion  of  Canada, 
Newfoundland,  Mexico. 

South  America. — Brazil,  Chili,  Bolivia,  Peru,  Guiana, 
Colombia,  Argentina,  &c. 

Central  America,  &c. 
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EUROPE 

THE  UNITED  KINGDOM 

The  most  important  metalliferous  mines  of  the  United  King- 
dom are  situated  in  the  counties  of  Cornwall  and  Devon,  in 
Shropshire,  Yorkshire,  Derbyshire,  and  North  Lancashire,  as  well 
as  in  Cumberland,  Westmoreland  and  Durham.  Mining  is  also 
extensively  carried  on  in  Anglesea  and  various  other  parts  of 
Wales,  in  the  Isle  of  Man,  in  the  south-west  of  Ireland,  and  the 
south  and  west  of  Scotland. 

England 

Silver  mines  were  worked  in  Britain  before  the  invasion  of  the 
island  by  the  Romans,  and  gold  must  have  been  well  known  to 
the  inhabitants  of  this  country  before  the  arrival  of  Caesar,  since 
coins  of  that  metal  were  theu  in  circulation  among  them.  Caesar 
and  Strabo  agree  in  stating  that  the  Britons  obtained  their  copper 
from  foreign  sources,  and  iron  is  described  by  the  former  as  being 
so  rare  as  to  be  sometimes  employed  as  a  medium  of  exchange  ;  a 
<3entury  later,  however,  it  was  so  common  as  to  have  become  an 
article  of  export.  Tin  was  anciently  the  most  important  metallic 
production  of  Great  Britain,  and  a  desire  to  obtain  possession  of 
the  mines  producing  it,  and  thereby  becoming  independent  of  the 
Phoenician  monopoly,  appears  to  have  first  induced  the  Romans  to 
visit  the  island.  About  the  middle  of  the  sixteenth  century 
mining  was  less  intelligently  conducted  than  on  the  Continent,  as 
we  are  told  by  Sir  John.  Pettus  ^  that  "About  the  third  year  of 
Queen  Ulizabeth,  she,  by  the  advice  of  her  Council,  sent  over  for 
some  Germans  experienced  in  Mines,  and  being  supplied,  she,  the 
tenth  of  October,  in  the  sixth  of  her  reign,  grants  the  Mines  of 
eight  Counties,  besides  those  in  Wales,  to  Ho^tghstctter,  a  German, 
&c.,  whose  name  and  Family  still  continue  in  Cardiganshire  ;  and 
doubtless  we  had  much  of  our  knowledge  from  their  Predecessors, 
who  revived  this  work  in  Cardiganshire.  They  also  entered  upon 
another  work  of  Copper  at  Kcsivich,  in  Cumhcrland." 

In  addition  to  having  been  long  pre-eminent  as  a  tin-producing 
country,  England  was,  for  a  period  somewhat  exceeding  a  century, 

1  Fodinct  Begaks,  1670,  p.  20. 
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likewise  the  largest  j^^'o^ucer  of  lead,  copper,  and  iron  ores. 
Although  still  yielding  a  more  considerable  amount  of  iron  ore 
and  jDroducing  a  greater  quantity  of  jaig  iron  than  any  other 
country  in  the  world,  as  far  as  the  other  metals  are  concerned 
England  has  at  the  present  time  various  formidable  and  successful 
rivals.  Among  European  countries,  Spain  may  be  cited  as  pro- 
ducing larger  quantities  of  lead  and  copper,  while  recent  colonial 
enterprise  has  resulted  in  the  discovery  of  large  and  exceedingly 
rich  deposits  of  tin  ore  in  Australia  and  Malaysia. 

Cornwall. — The  metalliferous  rocks  of  Cornwall  comprehend 
granite  and  slates,  associated  in  some  places  either  with  horn- 
blendic  rocks  or  with  clvans  (quartz-jDorphyries),  which  usually 
form  broad  dykes  intersecting  indifferently  both  granite  and  slate. ^ 
Granite  occurs  in  four  principal  masses,  besides  several  smaller 
ones,  its  chief  constituents  being  quartz,  felsjDar  and  mica  ;  although, 
in  addition  to  these,  schorl  is  everyw-here  more  or  less  abundant. 
The  felspar  and  mica  of  Cornish  granites  are  of  at  least  two  kinds, 
and  the  granitic  ground-mass  sometimes  includes  large  crystals  of 
both  mica  and  tourmaline.  The  ■  granite  is  for  the  most  part 
somewhat  coarse-grained,  but  varies  considerably  in  this  respect 
in  dififerent  localities,  while  the  more  coarsely  crystalline  rock  is 
not  unfrequently  traversed  by  granite  veins  of  a  much  finer  texture. 
Spheroidal  masses  of  schorl  rock  are  sometimes  enclosed  in  the 
granite.  Two  distinct  series  of  joints  intersect  the  granite  nearly 
at  right  angles,  dividing  it  into  approximate  cubes,  while  others, 
in  intermediate  directions,  again  subdivide  it  more  or  less  irregu- 
larly. The  granite  of  this  region  frequently  exhibits  a  foliation 
Avhich  roughly  approximates  to  the  contour  of  the  surface  and 
imparts  to  the  rock  a  somewhat  gneissoid  character. 

The  slates,  which  are  locally  known  as/c'i//rts,  usuall3'rest  on  the 
granite  at  a  considerable  angle,  but  in  some  cases  the  junction  is 
nearly  vertical,  Avhile  in  others  the  two  rocks  are,  in  the  immediate 
vicinity  of  their  boundaries,  considerably  mixed.  Near  the  line 
of  junction  the  granite  is  not  unfrequently  extremely  fine-grained, 
while  the  slate  often  becomes  hard  and  massive,  but  differs  from 
the  granite  in  general  apiDearance,  as  well  as  in  being  also  much 
darker  in  colour.     Veins  of  granite  frequently  penetrate  the  slate, 

^  The  metalliferous  districts  of  Cornwall  have  been  more  carefully  described  by 
W.  .J.  Henwood  than  hj  any  other  observer,  and  I  have  much  pleasure  in 
acknowledging  my  obligations  to  his  work,  "On  the  Metalliferous  Deposits  of 
Cornwall,"  Trans.  Roy.  Gtol.  Soc  of  Cornwaf/,  v.,  and  to  his  Address,  Royal 
Imtitution  of  Cornvrdl,  1871,  for  much  important  information. — J.  A.  P. 


192  ORE    DEPOSITS  part  ii 

and  masses  of  the  one  rock  are  sometimes  enclosed  in  the  other. 
In  one  district,  at  a  considerable  distance  from  any  known  large 
body  of  granite  in  sitic,  numerous  detached  spheroidal  boulders  of 
that  rock  have  been  found  enclosed  in  slate.  No  general  descrip- 
tion can  be  given  of  the  mineralogical  composition  of  the  slates  of 
Cornwall,  since  the  nature  and  proportions  of  their  several  con- 
stituents are  seldom  constant  over  any  considerable  area.  Among 
their  recognisable  minerals,  however,  quartz,  felspar,  mica,  chlorite 
schorl  and  hornblende  are  the  most  conspicuous.  In  the  vicinity 
of  granite  the  slates  are  frequently  of  a  green,  brown,  purple,  or 
violet  hue ;  but  at  more  considerable  distances  from  it  they  are 
often  of  a  gray,  bluish-gray,  deep-blue,  brownish-yellow,  or  buff 
colour,  and  in  some  localities  contain  fossils,  chiefly  of  Devonian  age. 
Certain  of  these  slates  are  distinctly  crystalline  and  possess  an 
imperfect  cleavage,  while  others  are  highly  fissile  ;  all  are,  however, 
more  or  less  interlaminated  and  veined  with  quartz.  The  planes 
of  bedding  almost  invariably  dip  from  the  granite,  the  various 
layers  of  slate  thus  mantling  round  the  slopes  of  the  granitic  hills. 
Sandstones  sometimes  occur  interstratified  with  the  slates,  which 
are  also  occasionally  traversed  by  dykes  of  diabase. 

Quartz- porphyry  usually  occurs  in  the  form  of  dykes  known 
as  ehnn  courses,  which  are  sometimes  only  a  few  feet  in  width,  but 
are  generally  much  wider.  Less  frequently  elvan  has  been  met 
with  in  apparently  isolated  masses.  Elvan  courses  traverse  granite 
as  well  as  slate  without  interruption,  and,  in  one  case  at  least, 
two  lodes  would  appear  to  have  been  intersected  by  an  elvan. 
Dykes  of  this  rock  frequently  conform  both  in  direction  and  dip 
to  one  series  of  joints  in  the  rocks  which  they  traverse,  but  are 
rarely  conformable  with  the  cleavage  planes  of  the  slate.  Elvan 
courses  sometimes  divide  into  branches  or  offshoots,  but  this 
occurs  less  frequently  than  in  the  case  of  lodes.  When  enclosed 
in  slate,  elvans  are  usually,  to  a  large  extent,  composed  of  a  com- 
pact felspathic  ground-mass  with  quartz  and  a  little  schorl  or 
mica,  enclosing  white,  buff,  pink,  or  dove-coloured  felspar  with 
crystals  of  quartz,  which  are  often  double-pointed,  and  of  which 
the  faces  and  edges  sometimes  appear  to  be  slightly  rounded. 
When  passing  through  granite,  quartz  and  felspar  still  prevail,  and 
mica  and  schorl  are  abundant,  as  well  as  are  also  porphyritically- 
enclosed  crystals  of  felspar  and  quartz ;  but  the  texture  of  the 
ground-mass  is  usually  finer  than  it  is  when  traversing  slates. 
In  both  rocks,  however,  elvan  is  coarser  in  grain  near  the  centre 
of  the  mass  than  in  the  vicinity  of  its  sides. 
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Numerous  joints  traverse  the  elvans  in  all  directions,  dividing 
them  into  blocks  of  irregular  form;  these  crevices  are  in  some 
cases  faced  with  schorl,  while  in  others  they  are  filled  either  with 
a  white  or  a  ferruginous  clay.  The  quartz  of  elvans  contains  fluid- 
cavities  very  similar  to  those  found  in  that  mineral  when  occurring 
in  orranite.  Throughout  the  mininsf  districts  of  Cornwall  the  run  of 
the  elvan  courses  is  a  few  degrees  north  of  east  and  south  of  west,  but 
in  other  parts  of  the  county  they  vary  considerably  from  this  direc- 
tion. Their  dip  is  less  than  that  of  the  lodes  by  which  they  are 
intersected,  but  greater  than  the  dip  of  the  cleavage  planes  of  the 
slates  which  they  intersect. 

The  serpentine  of  Cornwall  is  traversed  by  numerous  veins  and 
branches,  which  sometimes  contain  native  copper,  but  this  metal 
does  not  occur  in  sufficient  quantities  to  entitle  the  rock  to  rank 
among  the  metalliferous  series  of  the  county.  Veins  of  fine- 
grained granite  sometimes  penetrate  not  only  the  outer  edges  of 
the  granitic  bosses  but  also  the  adjoining  fossiliferous  rocks,  in- 
cluding the  Culm  series.  The  elvans  hold  their  course  straight 
through  the  granite  and  the  granitic  veins,  and  these  are  again 
traversed  by  veins  containing  tin  and  copper  ores.  The  lodes  are, 
therefore,  ncAver  than  the  elvans,  and  the  most  ancient  mineral 
veins  of  Cornwall  are  consequently  younger  than  the  Carbon- 
iferous period  ;  they  are,  however,  probably  not  more  recent  than 
the  Permian,  since  no  lodes  have  been  discovered  in  the  sand- 
stones belonging  to  the  Poikilitic  group. 

In  certain  exceptional  instances  it  might,  at  first  sight,  appear 
that  elvans  were  posterior  to  tin  veins,  but  the  observations  of 
Sir  H.  T.  De  la  Beche  led  him  to  an  opposite  conclusion,  and  he 
has  shown  how  the  cases  which  have  been  brought  forward  in  sup- 
port of  that  view  may  be  otherwise  interpreted.^  Tin  ore  occurs 
disseminated  through  granites,  elvans,  and  slates,  as  well  as  in 
minute  veins  in  these  rocks.  Copper  ores  are  sometimes  sporadi- 
cally distributed  through  the  granites,  elvans,  and  slates  in  the 
same  way  that  these  rocks  are  impregnated  with  tin  ore.  Such 
impregnations  of  copper,  however,  seldom  possess  any  commercial 
importance. 

The  principal  repositories  of  the  various  ores  of  Cornwall  are 
lodes,  which  consist  to  a  large  extent  of  quartz,  and  extend  without 
interruption  through  every  rock  of  the  metalliferous  series ;  they 
however,  in  some  degree,  partake  of  the  characteristics  of  the 
different  rocks  through  which  they  pass.     Notwithstanding  that 

^  Rtport  on  the  Geology  of  CormvaJl  and  Devon,  1839,  p.  310. 
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workings  often  extend  for  considerable  distances  on  lodes  corre- 
sponding in  direction,  it  is  by  no  means  certain  that  any  individual 
lode  has  ever  been  traced  for  a  length  of  above  a  mile.  Every 
lode  throws  off  branches  and  strings  into  the  adjoining  country 
rock,  and  this  frequently  occurs  to  such  an  extent  that  instead  of 
remaining  a  single  champion  lode  the  vein  becomes  divided  into  a 
complex  and  irregular  network.  A  lode  will  also  often  dwindle 
to  a  mere  line,  while  some  of  its  offshoots  become  enlarged,  and 
finally  exceed,  both  in  size  and  richness,  the  vein  from  which 
they  originally  separated.  It  is  by  no  means  unusual  for  a  lode 
to  divide  immediately  at  its  point  of  intersection  with  a  cross- 
course,  on  one  side  of  which  it  will  be  united,  while  on  the  other 
it  is  divided  into  several  branches. 

Lodes  which  are  approximately  parallel  in  direction  dip  at 
various  angles  or  in  different  ways,  and  consequently  they  not 
unfrequently  intersect  one  another.  The  results  of  such  inter- 
sections are  exceedingly  various :  sometimes  such  veins  unite  and 
continue  together  for  some  distance,  but  at  length  separate.  Not 
uncommonly  one  lode  is  displaced  horizontally,  or  thrown  vertically, 
by  the  other,  while  occasionally  both  are  disordered  and  lose  their 
distinctive  characters  at  the  point  of  intersection.  Generally 
speaking,  lodes  which  yield  a  mixture  of  the  ores  of  tin  and 
copper  are  wider  than  those  which  contain  ores  of  only  one  of 
these  metals.  The  lodes  of  Cornwall  are  wider  in  slates  than  in 
the  granite,  and  their  average  width  is  greater  within  100  fathoms 
from  the  surface  than  at  any  greater  depth  hitherto  attained. 
Henwood  furnishes  the  following  figures  as  the  result  of  his 
investigations  relative  to  the  thickness  of  Cornish  lodes : — 

Lodes  yielding  ores  of  both  tin  and  copper  average  4'7  feet  in  width. 


„        tin  ores   .         .         .         . 

3-0 

„         copper  ores 

2-9 

in  granite     ..... 

ol 

in  slate          ..... 

8-7 

at  less  than  100  fathoms  deep 

3-9 

at  more     „         „         „         „ 

3-3 

On  passing  from  one  rock  to  another,  or  from  riches  to  poverty, 
the  width  of  a  lode  frequently  changes,  but  under  ordinary  circum- 
stances a  lode  commonly  maintains,  approximately,  its  characteristic 
breadth.  The  directions  of  lodes  in  the  different  mining  districts 
are  not  perfectly  identical,  nor  are  all  those  occurring  in  the  same 
neighbourhood  strictly  parallel. 
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The  central  portions  of  the  county  are  traversed  by  two  systems 
•of  veins,  namely,  cliavivpion  lodes  and  counter  lodes,  each  of  which 
maintains  approximately  its  own  normal  range ;  but,  even  in  the 
most  western  district,  the  veins  exhibit  a  certain  degree  of  diver- 
gence. Notwithstanding  that  there  is  scarcely  a  point  of  the 
compass  towards  which  some  lode  is  not  known  to  tend,  and  that 
the  lodes  in  many  localities  have  an  approximate  coincidence, 
their  mean  direction  differs  materally  in  various  parts  of 
Cornwall, 

The  mean  directions  of  the  lodes  in  different  parts  of  Cornwall 
are  given  by  Henwood  as  follows : — 


St.  Just  . 
St.  Ives  . 
Marazion 
Owinear  . 
Helston  . 
Camborne 


35=  S.  of  E.,  N.  of  W, 

8=  S.  of  E.,  N.  of  W 

1°  N.  of  E.,  S.  of  W 

•2°^.  of  E.,  X.  of  W 

16°  N.  of  E.,  S.  of  W 

•Jd^X.  of  E.,  S.  of  W 


Redruth  . 
St.  Agnes 
St.  Austell 
Caradon  . 
Tavistock 


22=' X.  of  E.,  S.  of  W. 
22°  X.  of  E.,  S.  of  W. 
13=  X.  of  E.,  S.  of  W. 
18°  X.  of  E.,  S.  of  W. 
9=X.  of  E.,  S.  of  W. 


Their  average  bearing  is  about  5°  N.  of  E.,  S.  of  W.,  a  course 
which  does  not  materially  differ  from  that  of  the  granite  outcrops 
which  at  intervals  make  their  appearance  between  Dartmoor  and 
the  Land's  End,  and  also  not  unlike  the  course  of  a  line  drawn 
directly  through  the  centre  of  the  county.  Lodes  present  as 
-many  flexures  in  their  downward  as  in  their  horizontal  direction, 
and  vary  in  dip  from  an  inclination  of  less  than  45°  with  the 
horizon  to  90°;  the  average  being  probably  about  70°.  Some- 
times, although  less  frequently,  lodes  dip  in  opposite  directions 
in  different  parts  of  their  range.  Both  lodes  and  cross-courses 
dip  more  frequently  towards  the  granite  than  away  from  it,  and 
veins  which  maintain  a  nearly  meridional  direction  are  in  Corn- 
wall more  highly  inclined  than  those  coursing  more  nearly  east 
and  west. 

Lodes  intersecting  dissimilar  rocks  obliquely  to  their  line  of 
junction  are  sometimes  slightly  deflected,  and  for  a  short  distance 
occasionally  pass  between  them,  but  they  suffer  no  interruption 
and  soon  resume  their  original  direction.  In  such  cases  the 
rocks  often  occupy  corresponding  positions  on  both  sides  of  the 
vein;  sometimes,  on  the  contrary,  a  faulting  of  the  strata  has 
taken  place  along  the  course  of  the  lode,  and  the  horizontal  and 
vertical  range  of  the  rocks  on  its  two  sides  may  be  very  different. 
Both  the  composition  and  structure  of  lodes  is  materially  influenced 
by  the  rocks  in  their  immediate  vicinity. 

Those  parts  of  the  lodes  of  Cornwall  which  are  most  uniform  in 

o  2 
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composition  consist  chiefly  of  crystalline  quartz  containing  many 
fluid  cavities,  and  in  such  places  a  distinctly  jointed  structure 
of  the  veiustone  is  frequently  aj)parent;  but  where  the  filling 
of  the  vein  fissure  is  made  up  of  more  heterogeneous  materials, 
this  characteristic  is  less  commonly  observed.  The  quartzose 
portions  of  veins  are  sometimes  divided  into  combs  which  curve, 
unite,  separate,  and  again  fall  together  in  such  a  way  that,  with- 
out being  strictly  jaarallel,  the  thicker  parts  of  certain  layers 
adajrt  themselves  to  the  thinner  portions  of  others. 

When  lodes  coincide  in  direction  -with  the  joints  of  the  en- 
closing rock,  their  walls  are  usually  smooth  and  w^ell  defined,  but 
when  the  joints  disappear  there  is  generally  a  gradual  transition 
from  the  veinstone  to  the  country  rock.  Lodes  not  only  afford 
instances  of  foliation  parallel  to  their  strike,  but  they  are  also 
frequently  traversed  by  cross-joints  imparting  to  them,  in  some 
degree,  the  appearance  of  horizontal  bedding.  Fissures  in  the 
vicinity  of  the  line  of  separation  between  veinstones  and  the 
country  rock  are  often  filled  with  flucans  which,  like  slickensides, 
are  frequently  scored  with  curved  and  unconformable  strias. 

Many  lodes,  from  enclosing  portions  of  the  adjoining  country 
rock,  jaresent  a  brecciated  appearance.  Lodes  of  this  character 
are  not  uncommon  in  both  granites  and  elvans,  but  are  most  con- 
spicuous in  slates.  In  some  instances  these  inclusions  have  the 
form  of  roughly  lenticular  or  sheet-like  bodies ;  occasionally  they 
are  sharply  defined,  while  sometimes  they  appear  to  pass  by  im- 
perceptible gradations  into  the  surrounding  veinstone.  Less 
frequently  they  are  enclosed  in  successive  accretions  of  quartz, 
each  distinguishable  by  some  peculiarity  of  either  structure  or 
colour.  Small  cavities  surrounded  by  botryoidal  concretions  of 
agate-like  silica,  often  lined  with  crystals  of  quartz,  occur  at  in- 
tervals between  the  fragments  5f  included  rock.  When  these 
fragments  consist  of  slate,  their  planes  of  cleavage  are  almost 
always  coincident  with  those  of  the  enclosing  country  rock,  but 
when  the  country  consists  of  either  granite  or  elvan,  the  pieces 
included  in  the  lode  being  of  the  same  material,  their  general 
resemblance  to  the  veinstone  is  so  close  that  their  relations  are 
less  easily  detected.  When  such  phenomena  occur  on  the  line 
of  contact  of  different  rocks,  their  jjlanes  of  junction  observed 
in  the  enclosed  horses  are  on  precisely  the  same  horizon  as 
their  counterparts  in  the  rock  by  wdiich  the  lode  is  enclosed. 
Felspar  is  abundant  in  all  lodes  passing  through  gi'anites  and 
elvans,  but  in  slate,  quartz  is  the  predominating  veiustone.     The 
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•outcrops  and  shallower  portions  of  nearly  all  lodes  are  usually 
to  some  extent  composed  of  gossan,  consisting  of  an  earthy  iron 
ore  mixed  with  granular  quartz,  and  frequently  containing  oxide 
of  tin  with  other  metalliferous  minerals. 

When  tin  lodes  traverse  the  granite,  their  most  productive 
veinstone  is  usually  pale  green  or  brownish-red  felspar,  imperfectly 
crystalline,  and  associated  with  quartz  and  schorl ;  but  quartz 
and  schorl  are  sometimes  abundant  ingredients,  and  occasionally 
quartz  prevails.  The  tin  oxide  is  usually  j)resent  in  the  form  of 
crystalline  granules  which  seldom  exceed  the  size  of  a  pea,  but  are 
more  often  microscopically  minute.  In  slate,  tin  lodes  consist 
chiefly  of  capel  or  quartzose  slate,  chlorite,  quartz  and  schorl,  in 
thin  alternations.  The  ore  is  disseminated  in  even  more  minute 
particles  among  these  minerals  than  it  is  in  the  lodes  of  which 
the  country  rock  is  granite.  Copper  lodes  in  granite  have  almost 
always  an  outcrop  of  gossan,  which  sometimes  extends  to  con- 
siderable depths ;  but  the  quartz  associated  with  them  is  rarely 
so  friable  as  it  is  in  similar  deposits  enclosed  in  slate.  The  cavities 
which  occur  in  this  slightly  coherent  material,  often  contain  earthy 
brown  iron  ore,  coloured  clays,  black  copper  ore  and  malachite. 
At  greater  depths  fluor  spar  is  not  an  uncommon  veinstone,  while 
black  copper  ore  is  frequently  succeeded  by  chalcocite,  and  this 
by  copper  pyrites.  In  one  of  the  most  important  mining  localities 
of  Cornwall,  the  outcrops  of  many  of  the  lodes  were  anciently 
Avorked  for  the  tin  ore  which  they  afforded  near  the  surface.  On 
proceeding  downwai'ds,  however,  the  tin  became  gradually  re- 
placed by  copper  ores,  of  which  the  lodes  were  for  some  time  most 
productive  repositories ;  still  deeper,  tin  ore  reappeared,  and  for 
many  years  this  has  been  almost  the  only  metalliferous  product  of 
the  neighbourhood.  Many  lodes  contain  arsenical  pyrites,  which  is 
very  persistent  and  appears  even  to  become  more  abundant  in 
depth.  Copper  lodes  in  slate  often  contain  large  quantities  of 
spongy,  pale-brown  or  yellowish  iron  ore,  with  a  small  proportion 
of  oxide  of  tin,  and  iron  pyrites  in  considerable  abundance,  with 
more  or  less  blende  and  gralena.  Their  other  constituents  are 
quartz,  which  in  the  more  productive  lodes  is  often  exceedinglj'- 
friable,  and  is  mixed  with  prian  or  felspathic  clay ;  less  frequently 
with  chlorite  or  'jpcach,  and  still  more  rarely  with  fluor  spar.  Near 
the  surface  these  minerals  are  often  associated  with  iron  pyrites, 
-earthy  black  copper  ore,  and  malachite,  and  these  are  succeeded 
by  chalcocite,  which,  together  with  all  the  other  metalliferous 
minerals,  is  ultimately  replaced  by  chalcoi^yrite.     Notwithstanding 
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that  the  ores  of  tin  and  copper  often  affect  different  lodes,  and 
even  different  rocks,  they  are,  nevertheless,  intimately  associated 
in  some  of  the  most  productive  veins  of  the  county.  Ores  of  lead 
for  the  most  part  occur  at  some  distance  from  the  granite,  and  are 
principally  limited  to  groups  of  lodes  traversing  slaty  rocks  in  a 
different  direction  from  those  producing  tin  and  copper. 

It  has  been  before  stated  that  the  most  compact  portions  of 
the  lodes  of  Cornwall  are  chiefly  siliceous,  and  that  they  are 
sometimes  composed  entirely  of  quartz;  occasionally,  however, 
the  whole  substance  of  a  lode  becomes  metalliferous.  The  altera- 
tion from  poverty  to  riches  is  seldom  a  sudden  one,  since  the 
veinstone  in  the  neighbourhood  of  large  bodies  of  ore  usually 
becomes  increasingly  impregnated  with  the  same  mineral  as  it 
approaches  the  larger  mass.  In  all  lodes,  whatever  may  be  the 
nature  of  the  ore  which  they  produce,  the  most  highly  inclined 
portions  are  the  most  productive  ;  and  almost  all  bodies  of  ore, 
whether  of  tin,  copper,  or  lead,  have  an  end-long  dij),  usually 
approximating  to  the  foliation  of  the  enclosing  granite,  or  to  the 
bedding  or  cleavage-planes  of  the  surrounding  slates.  Lodes  and 
branches  are  frequently  richer  at  their  junction  with  one  another 
than  they  are  elsewhere ;  particularly  when  they  come  together 
horizontally  or  on  their  dip  so  as  to  form  an  acute  angle.  When 
lodes  of  a  soft  or  granular  character  pass  into  a  rock  of  more  than 
ordinary  hardness,  they  frequently  divide  into  numerous  branches ;. 
while  the  same  effect  is  sometimes  produced  by  the  passage  of  a 
lode  into  unusually  soft  strata. 

Rocks  possessing  a  considerable  degree  of  hardness  are  more 
frequently  productive  of  tin  than  they  are  of  copper,  and,  both  in 
granite  and  in  elvan,  a  well-defined  jDorphyritic  structure  is  re- 
garded by  miners  as  an  unfavourable  indication ;  while  in  both 
rocks  a  gradual  blending  of  the  included  crystals  with  the  sur- 
rounding ground-mass  is  considered  an  encouraging  circumstance. 
Transverse  joints  often  exercise  an  unfavourable  influence  on  the 
production  of  a  lode,  and  a  course  of  ore  sometimes  terminates 
abruptly  at  such  a  fissure.  During  many  years  the  chief  produce 
of  two  important  and  almost  adjoining  tin  mines  in  Cornwall  Avas 
obtained  from  deposits  of  which  examples  on  a  large  scale  are  not 
met  with  in  other  parts  of  the  county.  These  deposits,  which  are 
locally  known  as  "  carbonas,"  will  be  again  referred  to  in  connection 
with  the  tin  deposits  of  the  St.  Ives  district. 

Veins  which  chiefly  consist  of  quartz,  and  which  with  rare 
exceptions  yield  neither  ores  of  tin  nor  copiDer,  are  in  the  St.  Just 
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district  called  guides,  while  in  the  neighbourhood  of  St.  Ives  they 
are  known  as  traiuns,  and  in  other  parts  of  Cornwall  as  cross-courses. 
When  such  veins  consist  of  clay  only,  they  are  called  jiucans.  In 
the  following  table  Henwood  applies  the  term  cross-vein  to  both 
varieties.  The  mean  directions  of  cross-veins  in  different  parts  of 
Cornwall  are  as  follows  : — 


.St.  Just   .  .  .  26=  N.  of  E.,  8.  of  W.  Redruth  . 

St.  Ives    .  .  .  38'  S.  of  E.,  X.  of  W.  St.  Agnes 

Marazion  .  .  41=  S.  of  E.,  X.  of  W.  St.  Austell 

Gwinear  .  .  .  43°  E.  of  S. ,  W.  of  X.  Menheniot 

Helston   .  .  .  21=  S.  of  E.,  X.  of  W.  Caradon  . 

Camborne  .  .  34=  E.  of  S.,  W.  of  X.  Callington 


.  35=  S.  of  E.,  X.  of  W. 
.  39"  E.  of  S.,  W.  of  X. 
.  21°  S.  of  E.,  X.  of  W. 
.  3°X.  of  E.,  S.  of  W. 
.  13=  E.  of  S.,  W.  of  X. 
.  43=  S.  of  E.,  X.  of  W. 


Their  average  bearing  throughout  the  county  is  about  south-east  to 
north-west,  which  does  not  differ  materially  from  that  of  one  of  the 
most  distinctly  developed  series  of  joints  in  the  rocks.  The  average 
inclination  of  cross-veins  maintaining  the  general  range  is  about 
80°,  whereas  that  of  those  which  run  more  nearly  east  and  west 
scarcely  exceeds  60°.  Their  dip  is  more  frequently  toAvards  the 
granite  than  in  the  contrary  direction. 

Cross-veins  are  wider  in  granite  than  in  slate,  and  at  oreat 
depths  than  near  the  surface. 

The  mean  width  of  cross-veins  in  oranite  averages  4*9  feet. 
5,  „  ,,         ,,  Slate  „        o  o     ,, 

„  „  at  less  than  100  fathoms  deep  4"0     „ 

at  more  „  „         „     4'4     „ 

Cross-veins,  like  lodes,  partake  of  the  nature  of  the  diffeTent 
rocks  through  which  they  pass ;  thus  in  granite,  notwithstanding 
the  occasional  occurrence  of  quartz,  the  principal  constituents  are 
the  minerals  of  which  granite  is  composed.  In  homogeneous  slate, 
on  the  contrary,  they  are  not  unfrequently  fiucans  consisting  of 
triturated  slate.  Sometimes  cross-veins  are  only  developed  at 
certain  depths  from  the  surface,  and  disappear  both  horizontally 
and  vertically  within  very  short  distances. 

Small  quantities  of  copper  and  silver  as  well  as  of  the  ores  of 
these  and  other  metals  occur  in  cross-veins,  but  they  are  frequently, 
although  not  always,  limited  to  those  portions  of  the  vein  which 
pass  through  lodes  in  which  such  metals  and  ores  prevail.  A  large 
proportion  of  the  richest  lead  veins  in  the  county  of  Cornwall 
have,  however,  nearly  the  same  direction  and  mineral  characteristics 
as  the  principal  cross-veins.  Cross-veins,  intersecting  both  the 
rocks  and  lodes  through   which  they    pass,    when    comjDosed    of 
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cavernous  quartz,  afford  almost  the  only  natural  channels  for 
the  ready  circulation  of  underground  waters ;  on  the  other  hand 
those  portions  which  have  been  filled  with  flucan  are  so  thoroughly 
impermeable  that  they  are,  for  this  reason,  not  unfrequently  chosen 
as  the  boundaries  of  areas  leased  for  mining  purposes.  Slides  have 
been  observed  in  the  schistose  rocks  of  certain  mining  districts 
only. 

It  is  of  great  importance  that  the  miner  should  be  in  a  position 
to  judge  whether  the  chances  of  successful  search  for  a  severed 
vein  are  greatest  towards  the  right  or  towards  the  left  hand,  and 
the  following  information  relative  to  this  subject  will  not  be  with- 
out interest.^  Out  of  272  lodes  recorded  by  Henwood  as  being 
divided  bj'  cross-veins  in  different  parts  of  Cornwall, — 

57  or  0'20  of  the  whole  number  were  intersected  but  not  heaved. 
135  „    U'oO  „         „     were  heaved  towards  the  right  hand. 

80  „    0-30  „         „  „  „  left  hand. 

181   „    0-67  „         „  „  „  greater  angle. 

34  „   013  „         „  „  „  smaller  angle. 

The  following  are  the  results  of  the  intersection  of  lodes,  affording 
ores  of  different  metals,  by  cross-veins  : — 


Nature  of  ore  contained 
in  the  lodes. 


Tin  ore     

Tin  and  copper  ores  . 
Copper  ore  


Lodes 

intersected 

but  not 

lieaved. 


0-18 

U-37 
0-18 


Lodes  lieaved  towards  the 


Eight 
hand. 


0-56 
0-44: 
0o2 


Left 
hand. 


0-26 
0-19 
0-30 


Greater 
angle. 


Smaller 
angle. 


0-52  0-30 

0-56  0-07 

0-74  0-08 


The  mean  distance  to  which  lodes  of  more  than  two 
feet  in  width  are  heaved  by  cross-veins  more 
than  one  foot  wide  is 28*3  feet. 

The  mean  distance  to  which  lodes  of  less  than  two 
feet  in  width  are  heaved  by  cross-veins  more 
than  one  foot  wide  is 16"1  feet. 

^  The  direction  of  a  heave  is  generally  indicated  by  right  and  left,  because  the 
same  expression  serves  equally  well  whichever  side  the  dislocation  is  approached 
from. 
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The  mean  distance  to  which  lodes  of  more  than  two 
feet  in  width  are  heaved  by  cross-veins  less  than 
one  foot  ■wide  is 17'0  feet. 

The  mean  distance  to  which  lodes  of  less  than  two 
feet  in  width  are  heaved  by  cross- veins  less  than 
one  foot  wide  is 4"8  feet. 

Henwood  states  that  there  is  at  least  one  instance  on  record  of  a 
lode  and  a  cross-vein  alternately  intersecting  one  another  at 
xlifferent  depths  in  the  same  mine, 

Elvans  traverse  the  same  districts  as  the  lodes,  and  owing  to 
various  differences  of  direction  and  dip  are  frequently  intersected 
by  them.  The  cross-veins  cut  through  elvans  and  lodes  alike,  but 
■while  they  heave  hundreds  of  the  latter,  they  displace  scarcely  a 
dozen  of  the  elvans  intermixed  with  them  and  through  which  they 
also  pass. 

Thermal  springs  of  saline  waters  have  at  different  times 
been  met  with  in  some  of  the  deeper  workings  in  the  neigh- 
bourhood of  Camborne.  Among  the  mines  in  which  such 
springs  have  been  observed  are  those  of  North  Roskear,  North 
Crofty,  Huel  Clifford,  and  Huel  Seton.  The  waters  issuing  from 
the  first  two  of  these  localities  do  not  appear  to  have  been 
subjected  to  chemical  analysis,  but  that  from  Huel  Clifford  was 
analysed  in  1868  by  Dr.  W.  A.  Miller.^ 

This  water  issued  at  a  temperature  of  125"  F,,  and  at  the  rate 
of  150  gallons  per  minute,  in  the  230-fathom  level,  or  at  a  depth, 
of  1,320  feet  below  the  sea.     Its  specific  gravity  was  1"007,  and 
the  saline  constituents  were  found  by  evaporation  to  amount  to 
■646"1  grains  per  imperial  gallon,  consisting  of: — 

Chloride  of  lithium 26*05 

Chloride  of  potassium  with  ]  i  4,q_l 
a  little  chloride  of  caesium  j 

Chloride  of  sodium 363-61 

Chloride  of  magnesium 8*86 

Chloride  of  calcium 216*17 

Sulphate  of  calcium 12"27 

Silica 3*65 

Oxides  of  iron,  aluminium,  and  manganese     .     .  traces 

645*45 

^  Report  of  the  Thirty-fourth  Mteting  of  the  British  Association,  1S64,  p.  .35. 
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The  workings  at  Huel  Seton  have  been  enth'ely  confined  to 
the  killas  or  clay  slate.  In  1872  saline  waters  issued  at  the  rate 
of  50  gallons  per  minute,  and  at  a  temperature  of  92°  F.,  from  the 
eastern  fore-breast  of  the  160-fathom  level,  or  at  a  depth  of  about 
780  feet  below  the  sea.  At  this  place  the  lode  is  not  well  defined, 
and  had  been  driven  upon  until  a  cross-vein  was  intersected,  from 
which  the  water  issued.  A  short  distance  from  this  point,  an 
elvan  course,  forty  feet  in  width,  is  traversed  by  the  same  vein.  An 
analysis  of,  this  water  afforded  me  results  which  may  be  tabulated 
as  follows ;  although,  as  the  state  of  combination  of  the  various 
substances  present  cannot  be  positively  determined,  the  system  of 
grouping  adopted  may  be  regarded  as  to  some  extent  arbitrary.^ 

The  solid  matter  amounted  to  1005'61  grains  per  gallon,  or 
14"3658  grammes  per  litre. 


Grains  per  gallon. 

Grammes  per  litre. 

Calcium  carbonate 

6-45 

-0921 

Iron                  ,,          

•31 

■0045 

Manganese     ,,          

trace 

trace 

Calcium  sulphate 

212 

-0303 

Cupric    chloride 

trace 

trace 

Calcium         ,,       

473-88 

6-7697 

Magnesium  ,,       

11-98 

-1712 

Aluminium  ,,       

63-02 

•9003 

Potassium     ,,       

6-43 

-0919 

Caesium         ,,       

trace 

trace 

Sodium          ,,        

409-09 

5-8442 

Lithium        ,,       

34-22 

•4888 

Potassium  bromide 

trace 

trace 

Potassium  silicate  (KoSiOg)   .    .    . 

4-8.-) 

•0693 

Ammonia 

trace 

trace 

Nitric  acid 

trace 

trace 

Total  found  by  addition     .... 

1012 -.35 

14^4623 

Total  found  directlj-  - 

lOO.'rGl 

14-3658 

Free  carbonic  acid 

2-61 

-0373 

i 


These  waters  are  remarkable  for  the  large  amount  of  lithium 
which  they  contain,  but  both  Huel  Clifford  and  Huel  Seton  Mines 
are  now    abandoned,  and    the   springs  consequently    submerged, 

^  J.  Arthur  Phillips,  "On  the  Composition  and  Origin  of  the  Waters  of  a  Salt 
Spring  in  Huel  Seton  Mine,"  Philoso2Jhical  Magazine,  fourth  Series,  xlvi.,  1873, 
p.  26. 

^  The  difference  between  the  amount  of  total  solid  contents,  as  found  directly, 
and  that  obtained  by  the  addition  of  constituents,  is  doubtless  to  some  extent  due 
to  the  partial  decomposition  of  aluminium  and  magnesium  chlorides  during  the 
drying  of  the  residue. 
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Minute  quantities  of  the  heavy  metals,  other  than  copjoer,  ^yere  not 
sought  after. 

The  mining  districts  of  Cornwall  are  separable  into  two 
great  divisions,  that  of  the  West  and  that  of  the  East;  the 
former  lying  to  the  west  of  Truro,  and  the  latter  to  the  east  of  that 
city.  From  the  Land's  End,  a  metalliferous  country  extends 
almost  without  interruption  to  the  parish  of  Kea  near  Truro ;  here  a 
break  occurs  until  we  approach  the  neighbourhood  of  St.  Austell, 
where  another  metalliferous  area  commences  and  extends  in  an 
irregular  and  scattered  manner  into  Devonshire.  These  divisions 
are  of  very  unequal  extent,  the  western  being  about  thirty-six 
miles  in  length  with  a  width  from  sea  to  sea  varying  from  six  to 
fourteen  miles,  while  the  eastern  extends  for  a  length  of  nearly 
forty-five  miles  with  an  average  width  of  about  twenty  miles. 
The  area  of  the  eastern  region  thus  exceeds  that  of  the  western  in 
the  proportion  of  two  and  a  half  to  one  ;  its  annual  production  of 
the  metals  is,  nevertheless,  so  greatly  inferior  that,  in  value,  they 
have  in  the  aggregate  amounted  to  less  than  one-fifth  of  that  of 
the  ores  raised  in  the  other  division. 

The  mining  regions  of  this  county  have  been  divided  by 
Henwood  into  twelve  distinct  districts,  while  Mr.  H.  C.  Salmon^ 
subsequently  extended  this  number  to  twenty ;  for  the  purposes 
of  the  present  work  it  will,  however,  be  found  more  convenient 
to  adopt  the  classification  of  Mr.  Robert  Hunt,  Keeper  of  Mining 
Records,-  who  in  his  returns  grouped  the  whole  of  these  districts 
into  four  large  divisions  : — 

Western      J  All  those  parts  of  the  county  west  of  a  line  drawn 
Division,     i  from  Marazion  to  Hayle. 

West  Central  ("That  portion  of    Cornwall  west  of  a  line  drawn 
Division     ")  from  the  Dodman  Point  to  Padstow,  and  east 

^  of  Marazion  and  Hayle. 

/-  That  part  of  the  county  lying  west  of  a  straight 
Bast  Central  \  line  drawn  from  Looe  through  Liskeard  to  the 

Division,      j  boundary    of    the    county,  and     east    of    the 

V  Dodman  and  Padstow  line. 

^  Mining  and  Smelt imj  Mag.,  v.,  1864,  p.  260. 

-  With  the  retirement  of  Mr.  Hunt  in  1882  from  the  Mining  Record  Office, 
and  the  transference  of  that  office  to  the  Home  Office,  this  splitting  up  of  the 
county  into  four  divisions  has  been  discontinued,  and  statistics  are  issued  of  the 
count}-  as  a  -n^hole.  Ai-tificial  boundaries  in  geological  study  are  alwajs  to 
be  avoided  if  possible,  and  there  seems  to  be  no  advantage  in  maintaining 
the  old  system  here,  so  that  more  recent  statistics  will  be  given  for  the  county  as 
a  whole  and  not  by  divisions. — H.  L. 
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/  This  division  is  bounded  on  the  west  by  a  line 
Eastern       )  drawn    from   Looe    through    Liskeard  to  the 

Di'cision.     j  boundary  of  the  county,  and  extends  eastward 

V  to  the  Kiver  Tamar. 

Westerji  Division. — The  more  important  mines  of  this  division 
of  the  county  are  situated  in  the  vicinity  of  the  towns  of  St.  Just 
and  St.  Ives.  In  the  neighbourhood  of  the  former  the  principal 
mines  are  comprised  within  an  area  six  miles  in  length  and  three 
in  breadth,  about  a  mile  south  of  Cape  Cornwall,  forming  at  this 
point  the  extreme  western  limit  of  the  county,  and  bounded  by  the 
Atlantic  Ocean.  They  are,  for  the  most  part,  situated  in  the  parish 
of  St.  Just,  and  have  long  been  celebrated  from  being  perched  on 
the  sides  of  perpendicular  cliffs,  and  from  being  excavated  for  long 
distances  under  the  bed  of  the  sea.  The  country  inland  is  composed 
entirely  of  granite  ;  but  nearly  parallel  with  the  coast  and  coinciding 
with  the  metalliferous  ground,  this  rock  forms  a  junction  with 
clay  slate,  largely  and  confusedly  intermixed  with  foliated  horu- 
blendic  rocks.  The  older  Avorkings,  which  are  of  very  remote  date, 
were  entirely  confined  to  the  granite,  which  is  exclusively  productive 
of  tin ;  but  more  recently  the  slates  and  their  associated  hornblendic 
rocks  have  also  produced  large  quantities  of  copper  ores.  Some 
lodes  are  exclusively  productive  of  tin  ore  in  the  granite  and  of  copper 
ores  in  the  slates ;  Henwood  states  that  at  Botallack,  one  of  the 
lodes  was  found  to  pass  three  times  from  granite  to  slate,  and 
in  each  case  to  contain  tin  ore  only  in  the  former,  and  copper  ores 
only  in  the  latter  rock.  In  this  neighbourhood,  the  intersections 
of  the  different  veins  by  one  another  are  sometimes  attended  with 
complicated  and  somewhat  obscvire  phenomena.  In  a  few  cases  the 
heaves  are  regular,  but  they  are  generally  far  from  being  so,  and 
not  unfrequently  a  lode  which  has  continued  rich  up  to  its  contact 
with  a  cross- vein  has  never  been  discovered  on  the  other  side.  As 
is  the  case  in  other  localities,  the  lodes  of  St.  Just  are  not  productive 
throughout  their  whole  extent,  and  when  poor  they  are  usually 
small ;  poverty  appearing  to  be  often  accompanied  by  a  diminution 
of  size.  The  containing  rock,  which  is  everywhere  in  this  neigh* 
bourhood  very  hard,  often  becomes  still  harder  when  impover- 
ishment takes  place.  In  all  the  veins  of  this  part  of  Cornwall  the 
shoots  of  ore  dip  from  the  granite,  or  if  they  occur  in  that  rock  their 
direction  is  towards  the  slate.  The  direction  of  the  lodes,  and  this 
general  disposition  of  the  ores,  have  had  the  effect  of  directing 
many  of  the  workings  towards  the  sea,  and  several  of  the  mines  are 
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ASTOUght  to  some  extent  beneath  the  bed  of  the  Atlantic.  At  Little 
Bounds,  Botallack,  and  Huel  Cock  the  miners  have  been  tempted 
to  follow  the  ore  upwards  to  the  sea,  but  the  openings  made  being 
fortunately  small  and  the  rock  hard,  a  covering  of  wood  and 
cement  in  the  two  former  cases,  and  a  plug  of  wood  in  the  latter, 
were  sufficient  to  exclude  the  water  and  to  secure  the  workings 
from  inundation.  The  extent  to  which  the  excavations  of  some  of 
the  mines  in  the  St.  Just  district  have  been  prosecuted  under  the 
ocean,  will  be  understood  when  it  is  stated  that  the  diagonal 
shaft  on  the  Crowns  Lode  at  Botallack  has  a  total  length  of  8-i.5 
fathoms  for  the  most  part  beneath  the  sea,  passes  through  a  very 
hard  hornblendic  rock  at  an  inclination  of  82^°  from  the  horizon, 
and  occupied  four  years  in  sinking. 

Botallack  was  worked  as  a  tin  mine,  under  a  perpetual  grant 
from  the  Boscawen  family,  from  1721  to  1785,  when  the  sett  was 
relinquished.  Subsequently  to  this  the  mine  was  again  opened, 
and  in  1816  was  the  richest  in  the  county.  It  was  afterwards 
worked  as  a  copper  mine,  but  in  1844  was  again  about  to  be  aban- 
doned ;  a  rich  copper  lode  was,  however,  discovered  at  this  time, 
and  in  the  following  year  the  undertaking  had  again  become 
prosperous. 

The  production  of  tin  and  copper  ores  at  Botallack  during 
forty  years,  divided  into  decades,  together  with  the  value  of  the 
yield  of  each  several  ten  years,  is  given  below. 


Tin 

Ore.                              Copper 

Ores. 

Tons. 

£                       Tons. 

£ 

Ten  years  to  the  end  of  1861 

1,49.5 

112,331            7,438 

85,984 

,,                ,, 

1871 

4,020 

265,652            3,116 

24,481 

,,                ,, 

1881 

3,868 

190,704            1,869 

16,752 

))                )> 

1891 

2,9.57 

163,116               207 

1,879 

The  annual  production  since  1891  has  been  : — 

Tin  Ore 

Copper  Ores. 

Tons. 

£ 

Tons.               £ 

1892 

350 

18,468 

Nil. 

1893 

402 

19,164 

Nil. 

1894 

390 

1.5,424 

12             136 

Its  production  of  recent  years  has  thus  been  practically  con- 
fined to  tin. 

In  these  mines,  as  well  as  at  Huel  Edward  and  at  Levant,  the 
dashing  of  the  waves  against  the  cliffs,  and  the  grating  of  the 
shingle  on  the  bottom,  can  be  heard  even  in  moderate  weather. 
The  quantity  of  underground  water  throughout  the  neighbourhood 
is  extremely  small,  and  notwithstanding  that  it  is  somewhat  salt 
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in  the  workings  extending   beneath  the   sea,  the  amount  is   not 
perceptibly  greater  than  in  mines  situated  at  some  distance  inland. 
The  only  producing  mine  of  the   St.  Just  group  now   left  is 
Levant,  which  produced  in  1894  : 

Copper  ore      

White  arsenic 

Tin  ore     


Tons. 

£ 

1,882 

7,577 

192 

1,243 

629 

26,109 

The  above  copper  production  represents  three-fourths  of  the 
value  of  the  annual  copper  output  of  the  whole  county. 

The  St.  Ives  mines,  on  the  opposite  side  of  the  Land's-End 
mass  of  granite,  occupy  a  position  somewhat  analogous  to  those  of 
St.  Just.  The  granite  forms  a  similar  junction  with  the  clay  slate 
or  killas  of  St.  Ives  Bay,  which  is  in  the  same  way  much  inter- 
mixed with  various  hornblendic  rocks.  The  lodes,  which  occur  in 
both  granite  and  slate,  are  in  the  former  exclusively  j^roductive  of 
tin  ;  while  in  the  latter,  as  well  as  in  the  hornblendic  rocks,  copper 
ores  often  predominate.  Little  or  no  copper  is,  however,  at  pre- 
sent, raised  in  this  neighbourhood,  and  its  production  of  tin  is 
much  less  important  than  formerly,  since  many  of  the  most  exten- 
sive mines,  having  ceased  to  yield  remunerative  returns,  are  no 
longer  in  active  operation.  The  extreme  length  of  this  mining 
field  in  a  north-westerly  direction  skirting  the  granite,  is  about 
four  miles,  and  its  greatest  width  nearly  three  miles.  It  includes 
the  larger  proportion  of  the  three  parishes  of  St.  Ives,  Lelant,  and 
Towednack,  and  possesses  some  marked  peculiarities,  one  of  the 
most  notable  being  the  presence  of  carbonas  or  extensive  dissemin- 
ations of  tin  ore  extending  from  some  of  the  lodes  into  the  neigh- 
bouring  granite.  Large  and  rich  masses  of  tin  ore  have  also,  from 
time  to  time,  been  met  with  surrounded  on  all  sides  by  hard 
granite,  and  apparently  unconnected  with  any  lode  or  vein. 

The  direction  of  the  lodes  is  rather  to  the  N.  of  E.  and  S.  of 
W.,  while  that  of  the  cross-courses  is  within  a  few  degrees  of  N. 
and  S.,  having  approximately  the  strike  of  the  joints  of  the 
adjoining  rock.  The  veins  worked  in  granite  usually  produce  tin 
ore,  while  those  in  slate,  although  sometimes  also  yielding  tin, 
more  fretiuently  afford  copper  ores.  Tin  has,  however,  always 
been  the  staple  product  of  the  mines  in  this  neighbourhood. 

The  most  remaikable  mine  in  the  western  division  of  Cornwall 
is,  perhaps,  St.  Ives  Consols,  which  is  situated  in  granite,  although 
at  only  a  short  distance  from  the  junction  of  that  rock  with  horn- 
blendic schists  and  quartz-diabase,  Avhich  appear  immediately  to 
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the  east,  where  they  overlie  the  granite  as  seen  in  some  of  the 
eastern  shafts.  It  lies  immediately  west  of  the  town,  and  the 
principal  lode  traverses  the  bottom  of  the  valley  through  which 
Hows  the  stream  falling  into  the  sea  at  St.  Ives.  The  vein  which 
passes  through  the  valley  above  referred  to  is  known  as  the 
Standard  Lode,  and  is  nearly  vertical,  its  bearing  being  a  little 
N.  of  E.  and  S.  of  W.     The  accompanying  transverse  section  of 


25/^ofth  lotls  Standard  lode  Daniel's  lode 

M.Jiorth  hruTtcTi.  h.Perranla/e .         c  .WilUams\<)  lode .        d .Seinp'slode . 

Fig.  68.— Standard  Lode  and  Carbonas,  St.  Ives  Con.sols ;  after  H.  C.  Salmou.i 

this  lode,  Fig.  68,  shows  how  slightly  its  course  downwards  varies 
from  the  perpendicular,  as  well  as  its  connection  with  the  various 
carbonas. 

The  Standard  Lode  has  been  worked  to  a  depth  of  177  fathoms 
below  the  adit  level,  which  is  itself  twenty  fathoms  from  the  sur- 
face, thus  making  the  total  depth  of  the  mine  nearly  200  fathoms, 
i  Mining  and  Smelting  Magazine,  iii.  p.  140. 
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In  the  lowei  levels  this  lode  is  hard  and  unproductive,  so  that 
but  little  has  been  done  at  that  depth,  and  the  v^rorkings  in  the 
bottom  have  been  many  years  abandoned.  The  Standard  has, 
in  the  aggregate,  been  a  very  productive  lode,  although  it  is 
nowhere  large,  and  probably  does  not  average  more  than  four  and 
a  half  feet  in  width,  varying  however  considerably  in  this  respect. 
It  is  chiefly  composed  of  quartz,  chlorite,  decomposed  granitic 
matter,  and  schorl ;  the  latter  being  plentiful  where  tin  is 
abundant. 

The  most  striking  feature  of  this  mine  is,  however,  the  extra- 
ordinary deposits  of  tin  ore  which  have  been  found  south  of  the 
Standard  Lode  and  to  Avhich  the  name  of  "  carbonas "  has  been 
locally  given  (see  page  170).  Fig.  68  affords  some  idea  of  the  way 
in  which  these  carbonas  branch  off  from  the  Standard  Lode.  One 
of  them,  called  Lawry's  Carbona,  shoots  off  at  the  57-fathom  level, 
dipping  rapidly  as  it  goes  south,  and  forming  stanniferous  flats  of 
various  dimensions  which  have  been  worked  by  a  series  of  irregular 
caverns,  very  unlike  the  openings  resulting  from  ordinary  mining 
operations.  Another,  uniting  with  the  Great  Carbona,  goes  off  at 
the  77-fathom  level ;  and  at  about  forty  fathoms  south  of  the 
Standard,  the  level  driven  on  the  western  cross-course  intersects 
what  is  called  Kemp's  Lode,  bearing  nearly  north  and  south,  which 
is  itself  apparently  part  of  a  carbona.  This  so-called  lode  was 
driven  upon  for  some  distance  until  it  came  in  contact  with  Noal's 
Lode,  and  with  flats  and  droppers  coming  down  from  Lawry's 
Carbona,  at  its  j unction  with  which  the  whole  opened  out  into 
one  of  the  most  remarkable  deposits  of  tin  ore  ever  discovered  in 
Cornwall. 

Many  of  the  workings  are  in  the  form  of  enormous  caverns 
from  60  to  75  feet  in  height  and  equally  wide.  The  workings  on 
the  Great  Carbona  were  destroyed  many  years  ago  by  an  accidental 
fire  which  consumed  the  supporting  timbers,  and,  after  burning  for 
more  than  six  weeks,  at  the  end  of  that  time  left  the  whole  in  a 
state  of  utter  ruin.  All  the  carbonas  occur  south  of  the  Standard 
Lode,  and  wherever  they  are  productive  they  are  characterised  by 
the  presence  of  large  quantities  of  schorl. 

The  workings  on  Daniel's  Lode  are  remarkable  for  their 
immense  width,  which  often  reaches  upwards  of  40  feet,  although 
when  unproductive  it  is  barely  traceable.  This  deposit,  although 
generally  called  a  lode,  evidently  belongs  to  a  class  of  dissemin- 
ations much  resembling  carbonas.  St.  Ives  Consols  was  worked 
above   the    adit  level  only  in  recent  years,  and   a  large  portion 
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of  its  produce  was  obtained  from  the  treatment  of  ''halvans"^; 
in  1881  it  yielded  52  tons  12  cwts.  2  qrs.  23  lbs.  of  concentrated 
tin  ore  (black  tin)  of  the  value  of  £2,755,  and  its  output  con- 
tinued to  fall  off  rapidly  even  from  this  low  figure ;  it  was  only 
24  tons  in  1887,  10  tons  in  1888,  only  4  tons  in  1891,  and  may 
now  (1894)  be  considered  as  practically  worked  out. 

The  total  production  of  the  mines  of  the  western  division  of 
Cornwall  during  the  year  1881  was,  according  to  the  statistics 
published  by  the  Mining  Record  Office,  as  follows : — 

"Weight.  Value. 

Tons.      cwts.     qvs,  £  s.       d. 

Black  Tin  1,362       8       2  73,395     19     8 

Copper  Ore  1,190       1       0  8,127     13     9 

Totals     -     2,552       9       2  81,523     13     5 

"West  Central  Division. — This  extends  over  a  much  larger  area 
than  the  western  division,  and  comprehends  a  great  proportion  of 
the  most  important  mines  in  the  county. 

Those  near  Marazion  are  situated  in  a  basin  of  killas  stretching^ 
from  that  town  eastward  along  the  coast  of  Mount's  Bay  for  a 
distance  of  upwards  of  four  miles  to  the  mass  of  gTanite 
culminating  at  Tregoning  Hill.  Its  width  from  the  sea  inland  is 
about  three  miles,  comprising  the  parishes  of  St.  Hilary  and 
Perranzabuloe,  with  parts  of  Breage  and  Germoe.  The  mines 
distributed  over  this  district  have,  in  the  aggregate,  yielded  large 
quantities  of  copper  and  tin,  but  principally  the  former,  which 
appears  to  generally  occur  in  the  vicinity  of  elvan  courses;  the 
district  has  not,  however,  been  characterised  by  any  very  deep 
or  permanent  mines. 

The  mines  of  the  Breage  and  Sithney  district  occupy  a  killas 
basin  lying  between  the  granite  of  the  Tregoning  and  Godolphin 
Hills  and  the  larger  granitic  mass  of  the  Wendron  range.  It  is 
very  restricted  in  length,  since  it  skirts  the  smaller  mass  of  granite 
from  north  to  south  without  extending  any  considerable  distance 
eastward.  It  includes  the  larger  portions  of  the  parishes  of 
Breage  and  Germoe  with  a  part  of  Sithney,  and  is  almost 
exclusively  a  tin-producing  area,  having  yielded  some  of  the 
richest  and  deepest  deposits  of  tin  ore  which  have  been  found  in 
Cornwall.  Although  this  district  consists  principally  of  killas, 
its  granite  has  also  yielded  tin. 

^  Refuse  ore  thrown  aside  as  not  being,  at  the  time,  sufficiently  rich  to  pay  the 
expenses  of  treatment. 

P 
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In  the  parishes  of  Gwinear,  Crowan,  Phillack,  and  St.  Erth 
are  various  copper  mines  which  are  usually  productive  in  the 
neighbourhood  of  elvan  courses.  The  country  rock  is  generally 
slate,  varying  in  colour  from  blue  to  pale  buff,  but  sometimes 
made  up  of  alternate  blue  and  white  laminse.  At  Relistian  the 
slate  contains  numerous  spheroidal  concretions,  some  of  which  are 
apparently  composed  of  slaty  material,  while  others  are  entirely 
quartzose.  In  the  neighbouring  mine  of  Herland,  at  a  depth  of 
about  110  fathoms,  numerous  nodular  masses  of  granite  have 
been  found  enclosed  in  the  killas.  These,  which  vary  from  half 
an  inch  to  three  feet  in  diameter,  are  composed  of  a  fine-grained 
granite,  the  felspar  of  which  is  much  decomposed.  They  are 
entirely  surrounded  by  clay  slate,  and  have  no  apparent  connection 
with  one  another.  Elvan  courses  and  dykes  of  "  greenstone  "  are 
numerous  in  this  neighbourhood,  and  the  elvan  often  contains  a 
large  quantity  of  schorl.  It  is  sometimes  stanniferous,  and  has 
in  a  few  localities  been  worked  for  the  tin  it  contains.  At  Parbola 
the  elvan  is  everywhere  traversed  by  minute  strings  of  tin  ore.  A 
strikmg  characteristic  of  the  lodes  in  this  part  of  Cornwall,  which 
is  very  unusual  in  other  parts  of  the  county,  is  that  they,  as  well 
as  the  contiguous  rocks,  contain  large  quantities  of  the  globular 
concretions  already  noticed.  Copper  pyrites  and  copper  glance 
are  the  most  abundant  minerals,  but  tin  ore  is,  to  some  extent, 
found  in  a  large  number  of  the  mines. 

The  mining  districts  of  Wendron,  Camborne,  Redruth,  and 
Gwennap  are  in  connection  with  the  great  granite  range  of  Carn 
Menelez  and  the  two  smaller  associated  masses  of  Carn  Brea  and 
Carn  Marth.  The  Wendron  mines  are  situated  in  the  granite  of 
the  Carn  Menelez  range,  and  are  principally  in  the  parish  of 
Wendron,  although  they  also  extend  into  the  parishes  of  Sithney, 
Crowan,  and  Constantine.  This  is  a  wild  moorland  district,  and 
although  producing  considerable  quantities  of  tin  ore,  it  does  not 
possess  any  very  characteristic  mining  features. 

Some  of  the  mines  of  the  Camborne  district  are  at  the  present 
time  the  richest  in  Cornwall,  and  are  comiDrised  within  those 
portions  of  the  parishes  of  Camborne  and  Illogan  bounded  on  the 
east  by  the  valley  which  divides  Illogan  from  Redruth ;  on  the 
south  by  a  line  passing  through  the  ridges  of  Carn  Brea, 
Carnarthen  Carn,  and  Camborne  Beacon ;  on  the  west  by  a  line 
drawn  from  Camborne  Beacon  to  about  half  a  mile  north  of 
Camborne  Church  ;  and  on  the  north  by  the  highway  from 
Camborne  to  Redruth.     The  prevailing  rock  is  granite,  which  rises 
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on  the  south  into  an  elevated  range  of  hills,  whose  northern  slope 
is  covered  by  killas  traversed  by  various  elvans,  lodes,  and  cross- 
courses.  The  mines  of  this  neighbourhood  are  the  deepest  in 
Cornwall,  and  are  remarkable  for  being  at  great  depths  as  rich  for 
tin  as  they  were  formerly  for  copj)er  in  the  shallower  levels. 

The  table  on  following  page,  giving  the  annual  production  of 
copper  and  tin  ores  at  Dolcoath  Mine  from  18.50  to  1894  inclusive, 
indicates  the  very  gradual  way  in  which  this  undertaking  has 
become  transformed  from  a  coj^per  mine  to  one  producing  tin  ores 
only.  The  shallower  levels  of  this  mine  were  driven  exclusively 
in  killas,  while  the  deeper  workings  are  entirely  in  granite.  In 
kiUas  the  lodes  produced  large  quantities  of  copper  ore,  but  upon 
entering  the  granite  this  ore  became  rapidly  replaced  by  cassiterite. 
At  the  present  time  Dolcoath  is  the  deepest  mine  in  Cornwall, 
the  engine  shaft  having  reached  a  depth  of  400  fathoms. 

The  difficulties  of  working  at  increasing  depths  with  the  old 
underlie  shaft  and  the  expense  connected  with  it  became  at  length 
too  great,  and  in  1895  a  reform  was  inaugurated  here,  not  indeed 
before  it  was  needed,  that  may  be  expected  to  have  a  salutary 
effect  upon  Cornish  mining  generally.  The  old  cost-book  method 
was  given  up,  and  the  mine  was  transferred  to  a  Limited  Liability 
Company  with  ample  capital ;  a  new  vertical  shaft  has  been 
commenced,  through  which,  when  down,  all  winding  will  be 
carried  on  economically  upon  modern  scientific  principles. 

Prodcctiox  of  Dolcoath  Mine  from  1852  to  1891. 


Copper 

Ore. 

Tin  Ore. 

Tons. 

£ 

Ton.s.                  £ 

Nine  years  ending 

1861 

6.410 

26,926 

o.(J63        368,918 

Ten    -           „ 

1871 

3,776 

18,826 

9,6.54        637,962 

5)                                   J) 

1881 

223 

1,U19 

14,214         764,.383 

1891 

3 

lu 

22,098     1,236,256 

During  forty  years,  namely,  from  1851  to  1891,  East  Pool 
Mine,  near  Camborne,  produced  ores  of  the  following  weights  and 
values : — 

Copper  Ore.  Tin  Ore. 

Tons.                 £  Tons.                £ 

Ten  years  to  end  of  1861        20,208        HX),417  416          25,895 

1871        22,444          72,333  2.174        129.961 

1881         18,603          55,0.54  6,161        283,806 

1891          3,055            9,028  13,111         687,541 

In  1894  the  production  was  : — 


Tons.  Value. 

Copper  ore      730  £1,092 

Tin  ore 940  £33,930 
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In  this  mine  too  the  falling  off  in  copper  ores  and  the  increase 
in  tin  ores  with  depth  is  very  noticeable. 

Amongst  other  important  mines  of  this  district  may  be  men- 

PRODUCTION   OF   DOLCOATH   MiXE   FROII    1850   TO    1894   INCLUSIVE. 


Copper  Ore. 

Tis  Ore. 

Year. 

Tons. 

Value. 

1 

Produce. 

Tons. 

Value. 

£ 

£ 

1850 

1,115 

4,909 

6i 

— 

— 

1851 

801   1 

3,266 

61 

— 

— 

1852 

832   i 

3,344   ' 

H 

— 

— 

1853 

1,040 

4,920   : 

5 

360 

22,680 

1854 

992 

4.313 

U 

:^3 

2.5,261 

1855 

711 

2,634   j 

4 

3.52 

23,169 

1856 

617 

1,998   1 

35 

416 

30,727 

1857 

566 

2,430   j 

ih        i 

544 

42,880   1 

1858 

598 

3,085   1 

ei^a 

635 

41,859 

1859   1 

757 

3,531   1 

5i 

724 

53,506 

1860   ! 

712 

2,426  ' 

i 

805 

64,974 

1861 

417 

1,589 

4i 

864 

63,862 

1862 

508 

2,357   i 

5| 

986 

66,220 

1863   i 

636 

3,029   1 

6i 

1,026 

69,741 

1864 

621 

3,289   1 

6i 

1,030 

66,9.59 

1865 

607 

3,510   1 

944 

53,238 

1866 

688 

3,512   i 

n 

919 

46,120 

1867 

267 

1,068 

H 

848 

46,169   ! 

1868 

153 

863 

H 

984 

55,847 

1869 

153 

648 

6| 

813 

59,694   j 

1870 

57 

224 

— 

1,034 

78,601   1 

1871 

86 

326 

64 

1,070 

95,373 

1872 

50 

234 

— 

1.269 

113,114 

1873 

15 

72 

— 

1,045 

82,501 

1874 

73 

410 

— 

1,121 

65,558 

1875 

— 

— 

1,241 

65,346 

'   1876 

41 

163 

— 

1,263 

55,825 

1877 

30 

112 

— 

1,404 

59.180 

1878 

14 

28 

— 

1,.539 

55,902 

1879 





— 

1,780 

71,216 

1   1880 





— 

1,736 

93,702 

1881 

— 

— 

— 

1,816 

102,039 

1882 



— 

— 

1,976 

1   120,244 

1883 



— 

— 

1,876 

1   101.707 

1884 



— 

— 

2,423 

:   113.965 

1885 





— 

2..")5 

124,998 

1886 

— 

— 

— 

2.3S3 

134.881 

1887 



— 

— 

2.3()6 

1.52.241 

1888 

— 

— 

— 

2.239 

148,734 

1889 

3 

10 

— 

2.125 

114,029 

1890 



— 

— 

2,024 

110,696 

1891 



— 

— 

2,132 

114,761 

1892 





— 

2,5.36 

139.818 

1   1893 



j    

— 

2,421 

124.841 

1894 

— 

— 

— 

2,126 

89,347 

tioned  Cam  Brea,  which  produced  in  1894  tin  ore  to  the  amount 
of  1,248  tons  valued  at  £40,118 ;  this  mine  has  been  noted  as  a 
steady  producer  for  many  years. 


PART  11  ENGLAND  2ia 

Among  the  most  remarkable  phenomena  exhibited  in  this  part 
of  Cornwall  are  the  alternations  and  mixtures  of  granite  and 
slate  which  occur  near  the  line  of  junction  of  the  two  rocks  in 
the  mines  of  Cook's  Kitchen,  Tincroft,  Dolcoath,  and  Carn  Brea. 
In  the  southern  part  of  Cook's  Kitchen  a  friable,  coarse-grained 
granite  appears  at  the  surface  and  continues  downwards  to  a  depth 
of  about  thirteen  fathoms,  where  it  is  succeeded  by  a  bed  of  slate 
which  reaches  a  depth  of  thirty-nine  fathoms.  The  upper  portion 
of  this  mass  of  slate  is  of  a  deep  blue  colour,  and  has  a  distinctly 
crystalline  structure,  showing,  somewhat  obscurely,  evidences  of 
foliation.  Lower  down  it  becomes  gradually  more  micaceous, 
and  shows  well-defined  planes  of  cleavage.  Veins  of  granite 
penetrate  both  the  upper  and  lower  surfaces  of  the  slate.  Below 
this  there  is  a  bed  of  fine-sjrained  granite,  ten  fathoms  in  thick- 
ness,  containing  a  large  amount  of  schorl,  beneath  which  masses 
of  granite  and  of  slate  alternate  in  a  very  irregular  way.  The 
transitions  from  one  to  the  other  are  sometimes  gradual,  while 
at  others  they  are  very  abrupt,  and  in  nearly  all  cases  the  slates 
are  traversed  by  veins  of  granite. 

At  Tincroft  the  granite  goes  down  to  a  depth  of  twenty-six 
fathoms  from  the  surface,  at  which  point  the  slate  makes  its  appear- 
ance, and  continues  without  interruption  to  a  depth  of  eighty-four 
fathoms,  where  at  length  the  main  body  of  the  granite  appears. 

At  Dolcoath  a  large  mass  of  hard  slaty  rock  was  met  with 
in  1882  in  the  352-fathom  level,  east  of  the  new  eastern  shaft, 
at  a  total  depth  of  380  fathoms  from  the  surface.  This  slate  is 
included  in  the  granite  240  fathoms  below  the  point  where" that 
rock  was  first  cut  into  by  the  workings,  and  310  fathoms  below  the 
sea  level.  This  enclosure  closely  resembles  the  ordinary  killas  of 
the  district,  and  on  compai'ing  thin  sections  of  the  two,  as  seen 
under  the  microscope,  their  identity  becomes  at  once  apparent. 

The  Redruth  and  Gwennap  district  immediately  adjoins,  on  the 
east,  that  of  Camborne,  so  that  an  arbitrary  line  only  can  be  drawn 
between  them.  The  district  includes  the  parishes  of  Redruth 
and  Gwennap,  with  parts  of  Kenwyn,  Kea,  and  St.  Agnes.  It  is 
essentially  a  copper-bearing  neighbourhood,  and  formerly  produced 
very  large  quantities  of  that  metal,  but  for  many  years  its  pro- 
ductiveness has  gradually  fallen  off,  and  many  of  its  once  rich 
copper  mines  may  now  be  regarded  as  exhausted.  The  Great 
Consolidated  Mines  of  Gwennap  in  the  course  of  twenty-one  years 
(1819—1840)  sold  ores  to  the  value  of  £2,254,485,  of  which 
£480,156  was  divided  as   profit.     Some    important  mines  were 
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formerly  worked  along  the  north  coast  of  the  county  in  the  jDarish 
of  St.  Agnes,  and  in  the  western  portion  of  Perranzabuloe.  They 
have  been  largely  productive  of  tin  and  copper,  the  ores  of  both 
metals  appearing  to  be  most  frequently  met  with  in  the  vicinity 
of  elvans. 

The  Great  County  Adit  of  Cornwall  empties  itself  into  the 
Carnon  stream,  which  falls  into  Restronguet  Creek,  and  extends  to 
many  of  the  mines  in  the  vicinity  of  Redruth.  Its  greatest  depth 
from  the  surface  is  seventy  fathoms,  its  total  length,  including 
branches,  thirty  miles,  and  the  level  of  its  mouth  above  high  water 
thirty-nine  feet.  It  is  at  present  of  comjjaratively  little  importance, 
as  many  of  the  principal  mines  in  connection  with  it  are  worked 
out  and  abandoned.  Many  years  ago  it  drained  an  area  of  5,550 
acres,  and  discharged  on  an  average  ],450  cubic  feet  of  water  per 
minute.  A  little  copper  is  sometimes  obtained  from  the  waters  of 
this  adit  by  precipitation  by  scrap-iron. 

Numerous  lead  veins,  running  in  almost  every  direction,  occur 
in  a  district  lying  north  of  Truro  and  comprising  a  large  portion 
of  the  parishes  of  Perranzabuloe,  Newly n,  Cubert  and  Crantock. 
This  region  has  produced  one  or  two  rich  lead  mines,  and  several 
moderately  productive  ones.  For  a  long  time  East  Huel  Rose  was 
the  most  productive  lead  mine  of  this  district,  but  eventually  it 
was  submerged  by  an  accidental  influx  of  surface  water  during  a 
flood.  It  subsequently  remained  unworked  for  many  years,  but 
has  more  recently  been  again  set  in  operation.  Its  production 
from  1844  to  the  €nd  of  1861  was  as  follows: — 


Year. 

Lead  Ore. 

Lead. 

Silver. 

Tons. 

Tons. 

Oz. 

1845 

7,88.3 

4,729 

—     j 

1846 

5,191 

3,114 



1847 

6,424 

3,854 

— 

i    1848 

5,.33.3 

3,191 

— 

1849 

4,759 

2,856 

; 

1850 

4,2(16 

2,524 

- —  .  .  ! 

1851 

3,193 

2,234 

^- 

1852 

2,381 

1,607 

48,000 

1853 

1,3.57 

925 

27,499 

1854 

1.215 

828 

24,629 

1    1855 

2,343 

1,510 

46,760 

'    1856 

2,691 

1,776 

.53,280 

1857 

1,199 

791 

23,739 

1858 

726 

416 

10,400 

1    1859 

728 

386 

13,090 

1860 

607 

322 

10,948 

j    1861 

147 

1     66 

2,376 
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This  mine  sold  copper  ore  in  the  following  years  : — 


1850 
1851 


Tons. 

67 
93 


Value 


& 
73-1 

789 


West  Chiverton  was  another  important  mine  in  this  neighbour- 
hood, and  commenced  selling  lead  ores  in  1859;  the  following 
were  its  most  productive  years  : — 


Year. 

Ore. 

Lead. 

Silver. 

Tons. 

Tons. 

Oz. 

1866 

3,166 

1.970 

66,950 

1867 

4,082 

3,061 

130,624 

1868 

■4,516 

3,387 

144,512 

1869 

4.7i»7 

3,5-29 

150,504 

1870 

4,777 

3,582 

161,190 

In  1881  its  production  only  amounted  to  177  tons  3  cwts.  of 
lead  ore,  containing  1,747  oz.  silver,  and  having  an  aggregate  value 
of  £2,120  ;  in  1885  it  was  only  31  tons  valued  at  £155,  and  its 
career  seems  to  have  come  to  a  close  with  a  production  of  3  tons 
in  1886. 

In  this  section  of  the  county  there  are  also  lead  veins  at  Swan- 
pool  and  Pennance,  near  Falmouth,  and  others  near  Porthleven 
south-west  of  Helston. 

Park  of  Mines  is  situated  three  miles  south  of  St.  Columb 
on  the  west  side  of  the  road  leading  from  that  town  to  Truro,  and 
has  at  various  times  yielded  a  considerable  amount  of  tin  ore  from 
<ieposits  of  a  somewhat  unusual  chai-acter.^  The  enclosing  rock  is 
killas,  which  may  here  be  defined  as  a  gray,  buff,  or  white  indurated 
schist,  dipping  at  an  inclination  varying  from  30°  to  80°  in  a  general 
northerly  direction.  The  north-western  corner  of  the  great  granite 
range  which  lies  to  the  north  of  St.  Austell  extends  to  within 
three-quarters  of  a  mile  of  this  mine.  Numerous  small  veins, 
generally  dipping  east,  traverse  the  killas  from  north  to  south,  and 
usually  vary  in  width  from  the  thickness  of  a  common  table-knife 
to  a  quarter  of  an  inch.  These  are  mainly  composed  of  quartz, 
but  the  killas  for  a  distance  of  from  half  an  inch  to  two  inches  on 
each  side  has  been  blackened  and  hardened  by  an  impregnation  of 
schorl. 

The  tinstone  of  the  Park  of  Mines  has  apparently  been  derived 

^  C.  Le  Neve  Foster,  Jliiiers'  Association  of  Cornwall  and  Devon,  1875,  p.  22. 
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from  lateral  offshoots  of  the  north  aud  south  veins,  as  in  the 
proximity  of  these  strings  lenticular  masses  of  tin  ore  occur 
interposed  between  the  bedding  planes  of  the  killas. 

The  mode  of  occurrence  of  the  tinstone  at  Park  of  Mines  will  be 
best  understood  by  referring  to  the  annexed  diagrams.      Fig.  69' 


Fig.  go. — Horizontal  section,  Park  of  Mines. 

represents,  in  horizontal  section,  a  north  and  south  vein,  a  I,  as 
seen  at  the  twenty-fathom  level,  with  layers  of  tinstone  which 
rarely  extend  for  a  distance  of  more  than  six  feet  on  each  side  of  it. 
Fio-.  70  is  a  vertical  section  on  the  line  c  d,  showing  the  beds  of 
killas  dipping  north  at  an  angle  of  70°,  with  interposed  lenticular 
masses  of  tin  ore.  The  stanniferous  zone  in  this  particular  case 
extends  about  seven  fathoms  from  north  to  south,  and  ten  fathoms 
along  the  line  of  dip.  The  lenticules  of  tin  ore  do  not  usually 
exceed  two  inches  in  thickness  at  their,  widest  part,  the  whole  mass 
of  killas  and  tinstone  being  consequently  worked  away  together 
and  sent  to  the  surface  to  be  stamped  and  dressed.  Occasionally 
the  thickness  of  tinstone  reaches  nearly  a  foot,  the  only  minerals 
associated  with  it  being  schorl,  quartz,  and  kaolin.  The  killas  near 
the  boundary  of  the  stanniferous  layers  is  usually  stained  by  oxide 


Fig.  70. — Veitical  section,  Paric  of  Mines. 


of  iron,  and  consequently  red  killas  is  regarded  by  the  miners  as  a 
favourable  indication  of  their  near  approach  to  a  deposit  of  tin- 
stone. This  may  be  classified  as  a  group  of  very  small  bedded 
veins,  or  as  lenticular  masses  intercalated  in  the  killas  and  con- 
nected with  the   neighbouring  granitic  rocks.     The  workings  of 
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this  mine,  Avhich  extend  over  an  area  of  about  an  acre  only,  have 
been  prosecuted  to  a  depth  of  about  forty-five  fathoms.  In  1874 
the  Park  of  Mines  yielded  231  tons  of  black  tin. 

The  production  of  ores  from  mines  in  the  West  Central  Division 
of  Cornwall  was  as  follows  during  the  year  1881 : — 

Weif'ht.  Value. 


Tons. 

civts. 

qrs. 

£ 

«. 

d. 

Black  tin 

9,088 

16 

0 

504,376 

3 

11 

Copper  ore 

11,243 

13 

0 

39,288 

1 

5 

Lead       „ 

297 

0 

1 

3,268 

10 

0 

Zinc        „ 

7,792 

17 

3 

23,565 

2 

0 

Silver     „ 

1 

12 

2 

175 

0 

0 

Iron        „ 

3,257 

0 

0 

1,869 

10 

0 

Iron  pyrites 

957 

3 

0 

467 

3 

6 

Wolfram 

49 

5 

0 

495 

.8 

0 

32,687 

7 

2 

573,504 

18 

10 

Uast  Central  Division. — The  St.  Austell  mining  district  com- 
prehends the  whole  of  the  St.  Stephens  and  Hensbarrow  range  of 
granite,  together  with  a  band  of  killas  surrounding  it  on  all  sides, 
averaging  in  width  about  three  miles.  On  the  south  this  district  is 
bounded  by  the  sea,  extending  from  the  Black  Head  to  Tywardreath, 
on  the  west  to  St.  Denis,  on  the  north  nearly  to  Bodmin,  and 
on  the  east  to  Lostwithiel.  It  comprises  parts  of  the  parisJies 
of  St,  Ewe,  St.  Mewan,  St.  Austell,  St.  Blazey,  Tywardi-eath, 
Lanlivery,  Lanivet,  Luxulyan,  Roche,  St.  Denis,  and  St.  Stephens, 
The  mass  of  granite,  which  is  here  very  large,  exhibits  the  same 
characteristics  as  those  of  the  western  districts,  and  frequently 
contains  much  schorl.  This  neighbourhood  supplies  nearly  the 
whole  of  the  china  clay  and  china  stone  sent  from  Cornwall  to 
the  Potteries,  or  which  is  exported  to  other  countries.  This 
district  was  formerly  very  productive  for  both  tin  and  copper, 
but  at  the  present  time  all  the  princiiml  copper  mines  have  been 
suspended,  and  Huel  Eliza,  a  mile  and  a  half  east  of  St,  Austell, 
was  in  1882  the  only  rich  tin  mine  working  in  this  part  of  the 
county.  Small  quantities  of  tin  are,  however,  still  annually  ob- 
tained from  the  granite  in  what  is  known  as  the  St.  Austell-Moor 
district.  The  once  celebrated  tin  mines  of  Polgooth  and  Hewas 
were  worked  in  the  belt  of  killas  a  little  south-west  of  the  town 
of  St.  Austell,  while  in  the  same  rock,  to  the  east,  were  the  tin 
mines  of  Bucklers  and  the  copper  mines  of  Pembroke,  East 
Crinnis,  Mount,  and  Fowey  Consols,  all  of  which  have  long  since 
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ceased  working  upon  any  extensive  scale.  The  well-known  tin 
mine  of  Beam,  situated  in  the  granite,  is  no  longer  in  operation, 
and  the  great  open  cutting  at  Carclaze  is  worked  chiefly  for  china 
clay. 

The  granite  throughout  this  district  is  traversed  by  innumer- 
able schorlaceous  veins,  which,  although  generally  very  small, 
almost  invariably  contain  a  certain  proportion  of  tin  oxide.  The 
tin  ore  is,  however,  seldom  confined  exclusively  to  such  veins,  but 
is  generally  disseminated  throughout  the  substance  of  the  con- 
tiguous rock,  into  which,  although  the  line  of  separation  is  usually 
distinguishable,  the  veins  frequently  pass  by  imperceptible  grada- 
tions. The  killas  of  this  district  is  fine-grained,  Avith  a  silky  lustre, 
and  schistose  structure.  Its  colour  is  usually  blue,  varying  con- 
siderably in  intensity,  Avhile  its  prevailing  dip  is  towards  the 
south-east.  Jn  many  places  it  abounds  with  beds  and  veins  of  white 
quartz.  Dykes  and  irregular  patches  of  an  altered  doleritic  rock, 
now  represented  by  various  greenstones,  penetrate  the  slates  of 
many  parts  of  this  district.  Elvan  occurs  in  the  sea-cliff  of  Pol- 
ruddan,  and  extends  through  Hewas  Mine  to  beyond  Tolgarrick, 
in  the  parish  of  St.  Stephens.  At  Stennagwyn,  in  that  parish, 
there  is  a  remarkable  impregnation  of  the  granite  with  tin  ore, 
of  which  a  portion  is  in  the  form  of  tin  sulphide  or  stannite.  A 
small  quantity  of  black  tin  has  on  various  occasions  been  obtained 
from  this  locality,  but  the  whole  of  the  stannite  is  lost  during  the 
operation  of  dressing. 

The  direction  of  the  lodes  in  this  neighbourhood  is  usually  a 
few  degrees  S.  of  W.,  but  there  are  others  which  bear  nearly  S.E. 
and  N.W.,  thus  closely  approximating  to  the  direction  of  the 
counter  lodes  in  the  western  parts  of  Cornwall.  There  are  but  few 
cross-courses  or  cross-flucans  in  the  district  ;  but  at  Polgooth  a 
llucan  heaves  the  lodes  and  elvan  a  distance  of  thirty  fathoms,  and 
in  the  same  mine  the  St.  Martins  and  Screeds  Lodes  both  appear 
to  be  displaced  by  an  elvan  course,  a  phenomenon  which  is  believed 
to  be  without  parallel  in  the  mines  of  the  county. 

At  Restormel,  near  Lostwithiel,  there  is  a  large  iron  lode  bearing 
about  15°  W.  of  N.,  and  dipping  E.  75°.  It  varies  from  two  to  four 
fathoms  in  width,  and  is  generally  divided  into  two  branches  by  a 
band  of  slate.  Workings  have  been  extended  on  the  course  of  this 
lode  for  a  distance  of  nearly  two  miles,  but  their  depth  is  generally 
inconsiderable.  The  chief  produce  of  this  vein  is  haematite,  with  a 
little  black  oxide  of  manganese,  while  gothite,  associated  with 
quartz,  occurs  as  crystals  lining   numerous   druses    disseminated 
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throughout  the  veinstone.     The   shoots  of  ore  met  with   in  the 
neighbourhood  of  St.  Austell  usually  dip  from  the  granite. 

Sixty  years  ago  among  the  most  prosperous  and  well-managed 
copper  mines  in  the  killas  of  this  district  were  those  of  Fowey 
Consols,  situated  in  the  parish  of  Tywardreath.  The  lodes  in  this 
locality  are  much  contorted  in  length  and  depth,  and  are  remark- 
able for  the  number  of  junctions  they  make  with  one  another  in 
their  downward  course.  The  enclosing  killas,  which  is  of  a  pale 
blue  colour,  alternates  with  bands  of  felsite,  while  the  veinstone  is 
principally  composed  of  milk-white  quartz,  often  enclosing  angular 
fragments  of  the  country  rock.  Iron  pyrites  and  spathose  iron  ore 
are  frequent  constituents  of  these  lodes  ;  the  other  minerals  present 
being  various  ores  of  copper,  with  bismuthine,  the  latter  occurring 
in  larger  quantities  in  this  mine  than  in  any  other  locality  in 
Cornwall.  The  extent  of  these  mines  is  very  considerable,  since 
some  of  the  lodes  are  believed  to  run  through  the  sett  for  a 
distance  of  above  a  mile.  From  August  1815  to  the  end  of  the 
year  1841,  these  mines  returned  284,486  tons  of  copper  ore,  which 
sold  for  £1,442,683,  and  out  of  this  amount  the  profit  paid  to  the 
shareholders  was  £179,995,  leaving  a  large  reserve  fund  not  divided. 
The  estimated  value  of  plant  and  machinery  was,  in  the  latter 
year,  about  £55,000,  but  shortly  after  this  date  the  annual  produce 
gradually  fell  off,  and  the  mines  were  finally  abandoned  in  1868. 
The  year  of  their  greatest  production  was  1838,  when  they  yielded 
15,254  tons  of  copper  ore,  produce  9f,  value  £85,434. 

This  region  once  afforded  a  larger  supply  of  stream  tin  than 
any  other  part  of  the  county,  but  the  more  extensive  stream- 
works,  such  as  the  Happy  Union  at  Pentewan,  Huel  Virgin  in  the 
St.  Austell  Valley,  and  those  in  the  vicinity  of  the  Jamaica  Inn, 
being  all  exhausted,  none  of  this  class  of  tinstone  is  now  obtained 
from  the  district. 

The  tin  streams  of  Cornwall  have  been  lono-  known  to  afford 
occasional  specimens  of  gold,  but  not  in  sufficient  quantities  to 
make  its  collection  a  matter  of  any  importance.^ 

Various  lodes  yielding  small  quantities  of  lead  and  copper  ores 
have,  from  time  to  time,  been,  to  some  extent,  explored  in  the 
tract  of  country  extending  along  the  north  coast  from  St.  Columb 
to  beyond  Camelford  ;  but   although   small  bunches  of  ore   have 

^  In  his  Survey  of  Cornicall,  \Qi\2,  Richard  Cai'ew  says,  "  Tynners  doe  also  find 
little  hoppes  of  Gold  amongst  their  Owre,  which  they  keepe  in  quils,  and  sell  to 
the  Goldsmithes  oftentimes  with  little  better  gaine  than  Glaucus  exchange." — 
Book  i.  p.  7. 
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occasionally  been  found,  no  adequate  results  have  yet  been  obtained 
for  the  money  expended. 

A  highly  interesting  mine  is  the  Uranium  Mine  at  Grampound 
Road  in  the  Parish  of  St.  Stephens,  which  commenced  operations 
about  the  year  1889.  It  traverses  killas  ^  through  which  patches 
of  greenstone  occur ;  some  500  yards  to  the  east  the  killas  has 
been  subjected  to  sufficient  pressure  to  produce  fairly  good  roofing 
slates.  About  half  a  mile  to  the  north-east  from  this  sett  is  the 
boundary  of  the  granite  and  china-clay  district.  A  number  of 
veins  are  known  in  this  district,  several  being  tin,  one  of  which 
^Dromises  to  be  of  some  value,  and  also  an  elvan  course  impregnated 
with  a  small  percentage  of  the  same  metal. 

A  deposit  of  iron  ore,  chiefly  magnetite,  also  occurs  here,  and 
there  are  some  patches  of  tin  ore  in  connection  with  it.  The  vein 
that  carries  the  uranium  ores  is  a  fissure  vein  striking  north  and 
south,  and  having  a  very  small  dip  to  the  Avest ;  its  thickness  varies 
from  one  to  three  feet.  The  country  rock  is  a  light  bluish  coloured 
killas,  but  greenstone  was  met  with  at  a  depth  of  twenty  fathoms. 
From  the  surface  to  the  adit  level,  some  seven  or  eight  fathoms 
below  the  outcrop,  the  vein  was  filled  with  a  ferruginous  gossan 
with  earthy  uranium  ores  of  variable  composition,  but  consisting 
largely  of  the  uranates  of  lime  and  copper.  Below  adit  level  the 
vein  became  much  harder,  the  gangue  consisting  chiefly  of  quartz, 
coloured  with  oxide  of  iron,  and  the  earthy  ores  were  replaced 
by  pitchblende.  Occasionally  small  bunches  of  copper  ores  and 
galena  were  found,  the  latter  being  argentiferous.  The  lode  has 
been  opened  up  for  a  length  of  sixty  fathoms  and  to  a  depth  of 
twenty  fathoms.     The  ores  were  hand-sorted  into  two  qualities, 

No.  1  containing  20  to  25  °j^  uranium  oxide. 
No.  2         „  5  to  10% 

This  is  the   only  mine   in  Great  Britain   worked  exclusively  for    \\ 
uranium  oxide.     Its  output  has  been  as  follows : — 


Year. 

Quantitj". 

Value. 

Tons. 

£ 

1890 

22 

2,200 

1891 

31 

62(1 

1892 

37 

740 

1893 

25 

500 

1894 

19 

815 

The  total  jjroduction  of  the  mines  of  the  East  Central  Division 

1  For  information  concerning  this  mine  I  am  indebted  to  Mr.  W.  R.  Thomas, 
who  was  for  some  time  its  manatrer. — H.  L. 
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of  Cornwall  during 

th 

e  year   1881   was, 

according  to 

published 

statistics,  as  follows  : 

— 

Weight. 
Tons.   cwts.  qrs. 

Value. 

£               5. 

d. 

Black  tin 

658  15     3 

38,566  16 

0 

Copper  ore 

184     8     0 

581     7 

3 

Silver      „ 

4     6     1 

183     7 

0 

Iron         ,, 

4,203     0     0 

2,572     1 

0 

Totals 

5,000  10     0 

41,903  11 

3 

Eastern  Division. — The  mines  of  the  Caradon  district  are  chiefly 
included  in  the  parishes  of  St.  Cleer  and   Linkinhorne,  and  are 
situated  in  a  granitic  area  forming,  for  the  most  part,  the  southern 
border  of  the  Bodmin-Moor  mass  of  granite,  but  including  also  its 
southern  and  south-eastern  junction  with  the  killas.     This  forma- 
tion is  here  much  intermixed  with  hornblendic  rocks,  while  both  it 
and  the  granite  are  occasionally  traversed  by  courses  of  elvan.    In 
addition   to  the  slaty  rock  thus   skirting  the   granite,   a   tract  of 
slate  nearly  a  mile  in  length  and  having  somewhat  less  than  half 
that  width,  a  little  to  the  south-east  of  the  Cheesewring,  is  repre- 
sented as   being   completely  surrounded   by  granite.     That  this 
comparatively  small    j)atch  of  killas  is,  to  a  very  large   extent, 
encircled  by  granite,  appears  to  be  certain ;  but  that  it  is  com- 
pletely severed  from  the  great  body  of  sedimentary  rocks  lying  to 
the  east  has  never  been  conclusively  proved.     Within  the  bounda- 
ries assigned  to  this  area  of  killas,  the  hanging  wall  of  the  Phoenix 
Lode,  to  a  depth  of  thirty-five  fathoms  from  the  surface,  consists 
of  slate,  while  the  foot  wall  is  wholly  of  granite  ;  but  at  all  greater 
depths  both  walls  are  composed  of  granite.     The  shallower  parts 
of  various  other  lodes  in  this   immediate  neighbourhood  are  also 
bounded  by  slate  on  their  south  side  and  by  granite  on  the  north  ; 
the  same  is  the  case  at  Sharp  Tor,  north  of  Phoenix.     At  Marke 
Valley,  three-quarters  of  a  mile  to  the  south-east,  the  lode,  which 
dips  towards  the  north,  has  slate  as  its  hanging  wall  to  a  depth  of 
thirty-six  fathoms,  while  the   foot  wall  is  of  granite ;  but  at  all 
greater  depths  the  walls  on  both  sides  are  of  granite.     The  slate 
which  forms  the  hanging  wall  of  the   Phoenix  Lode,  to  a  depth  of 
thirty-six  fathoms,  is  veiy  quartzose,  but  contains  flakes  of  mica, 
with  a  few  fragments  of  felspar,  and  occasional  needles  of  schorl. 
Its  colour  is  pink,  buff,  or  light  gray,  but  it  is  sometimes  mottled 
with  spots  of  crimson  or   of  brick  red;  it  is  often  coarse-grained, 
and  is  occasionally  much  contorted. 
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The  outcrops  of  the  lodes  on  the  southern  slope  of  the  granitic 
range  at  West  Caradon  and  South  Caradon,  consist  of  soft  pale- 
brown  or  reddish-brown  gossan,  with  friable  quartz,  decomposed 
granite,  chlorite,  and  a  little  fluor  spar.  Where  the  structure  is 
cellular,  nests  of  clay,  black  oxide  of  copper,  and  malachite  often 
occur,  as  well  as  small  patches  of  iron  pyrites,  mispickel,  and 
various  ores  of  copper,  together  with  cuprite,  and  small  plates  and 
ramifications  of  native  metal.  In  the  deeper  portions  of  the  same 
veins,  quartz,  felspar,  and  chlorite,  with  occasional  masses  of 
granite,  are  still  the  chief  constituents ;  but  brown  iron  ore,  although 
sometimes  present  in  small  quantities,  is  less  plentiful,  while  fluor 
spar  becomes  more  abundant.  At  the  same  time  the  copper  glance, 
cuprite,  malachite,  and  black  oxide  of  copper  gradually  disappear 
in  depth,  while  the  quantities  of  fluor  spar  and  copper  pyrites 
increase.  These  lodes  contain  no  appreciable  amount  of  tin  ore. 
At  Stowes,  Phcenix,  South  Phoenix,  Dunsley  Phoenix,  and  Marke 
Valley,  the  lodes  have,  besides  ores  of  copper,  afforded  tin  ore, 
but  contain  no  fluor  spar  ;  those  of  the  Caradon  Mines,  on  the 
contrary,  have  yielded  large  quantities  of  copper  ore,  and  contain 
much  fluor  spar,  but  give  little  or  no  tin. 

Several  of  the  principal  lodes  in  this  district  afford  abundant 
evidence  of  the  original  fissure  having  again  opened,  subsequently 
to  its  becoming  more  or  less  completely  filled  with  various  cry- 
stalline minerals.  The  great  lode  at  the  Phoenix  Mines  may  be 
cited  as  an  example  of  a  vein  of  which  the  constituents  were 
deposited  during  two  perfectly  distinct  periods.  The  first  forma- 
tion was  stanniferous,  and  was  attended  with  the  production  of 
capels  ;  the  second  mainly  consisted  of  quartz,  associated  with 
various  ores  of  iron  and  copper. 

One  of  the  lodes  at  South  Caradon  has  in  the  same  way  resulted 
from  a  kind  of  double  deposition.  In  this  case  the  first  formation 
is  rich  in  copper  ores,  while  the  second  is  composed  chiefly  of 
drusy  quartz,  with  fluor  spar  and  iron  pyrites. 

Three  of  the  principal  mines  in  the  Caradon  district  yielded 
copper  ores  to  the  following  amounts  and  values,  during  the  several 
periods  stated  in  the  following  table  : — 


Tons. 

£ 

South  Caradon— ten  j-ears  to 

end  of 

1861 

41,790 

429,551 

1871 

60,794 

491,782 

1881 

57,389 

361,413 

West  Caradon          ,, 

1861 

39,464 

342,684 

1871 

13,341 

79,988 

1881 

1,663 

5,936 

East  Caradon            ,, 

1871 

.39,091 

194,926 

,,                          ,, 

1881 

.  10,425 

53,494 
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Duriug  the  vear  1881  these  mines  made  the  following  returns 
respectively : — 

tons     cwts.  €  s.  d.  Produce. 

South  Caradon 5,185      9  27,609  3  2  9^ 

West  Caradon 227      3  804  U  6  6^ 

East  Caradon 118    19  533  16  S  7  J 

In  1883  South  Caradon  was  still  a  large  producer,  its  output 
having  been  3,016  tons  worth  £13,725,  but  from  this  date  it 
commenced  to  decline  rapidly;  in  1886  its  output  was  only  162 
tons  worth  £83,  and  after  that  this  group  of  mines  appears  to 
have  closed  down  completely. 

The  lead  veins  of  the  neighbourhood  of  Liskeard  are  situated  in 
the  parishes  of  Lanreath  and  St.  Pinnock,  three  and  a  half  miles 
S.  W.  of  the  town,  and  seven  miles  from  the  Caradon  granite  ;  and  in 
the  parish  of  Menheniot,  about  one  and  half  mile  S.E.  of  Liskeard, 
the  latter  district  extending  from  Butterdon,  near  the  Callington 
turnpike,  to  within  half  a  mile  of  Menheniot  Church.  The  Lan- 
reath and  St.  Pinnock  district  is  a  very  small  one,  being  scarcely  a 
mile  long,  by  one-eighth  of  a  mile  in  width.  Its  only  important 
mine  is  Herodsfoot,  which  was  the  first  mining  work  undertaken 
in  the  neighbourhood  of  Liskeard.  The  Menheniot  lead  district 
is  about  a  mile  and  a  half  in  length  and  half  a  mile  in  width  ; 
its  principal  mines  being  Huel  Mary  Ann  and  Huel  Trelawny. 

The  Lanreath  and  St.  Pinnock  Mines  lie  a  little  west  of  the 
imaginary  boundary  line,  and,  therefore,  belong,  strictly  speaking,  to 
the  East  Central  Division  of  the  county  ;  as,  however,  this  district 
adjoins  that  of  Menheniot  and  resembles  it  in  many  respects,  it 
will  be  more  convenient  to  describe  them  together. 

The  rocks  of  both  these  districts  chiefly  consist  of  slates, 
sometimes  enclosing  Devonian  fossils,  and  near  the  surface  are 
generally  brown,  drab,  or  dun-coloured,  but  at  greater  depths  have 
a  silky  lustre  and  assume  a  deep  blue  or  blackish  hue. 

At  various  depths  in  the  mines  of  Huel  Trelawny  and  Huel 
Mary  Ann  the  ordinary  killas  has,  lying  between  its  planes  of 
bedding,  conformable  sheets  of  felspathic  and  hornblendic  rocks, 
which  are  locally  known  as  elvans,  and  are  usually  massive,  but 
sometimes  exhibit  a  schistose  structure.  Between  these  and 
the  slate  there  is  sometimes  a  gradual  change,  but  more  commonly 
the  transition  from  one  to  the  other  is  distinct  and  immediate. 
The  felspathic  and  hornblendic  rocks  of  this  neighbourhood  occa- 
sionally contain  spheroidal  bodies  made  up  of  many  concentric 
layers.  This  structure  is  not,  however,  entirely  confined  to  the 
hornblendic  and  felspathic  rocks,  since  Henwood  states  that  at 
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Huel  Trelawny  a  concretion  of  this  kind,  consisting  of  five  distinct 
layers  of  c[uartz  and  galena,  was  found  in  a  siliceous  slaty  matrix 
at  a  depth  of  fifty-five  fathoms  from  the  surface. 

In  neither  of  these  districts  has  more  than  one  productive  lode 
been  discovered.  That  upon  which  the  Menheniot  mines  have 
been  opened  takes  somewhat  different  directions  in  various  parts  of 
its  course,  its  bearing  in  Huel  Trelawny  being  5°  W.  of  N.  and  E. 
of  S.,  while  in  Huel  Mary  Ann  its  course  is  from  3°  to  8°  E.  of  N. 
and  W.  of  S.  In  the  Lanreath  district  the  lode  at  Herodsfoot 
bears  from  8°  to  12°  W.  of  N.  and  E.  of  S. 

The  lodes  of  this  region  maintain  an  average  dip  of  79°,  their 
inclination  being  to  the  east ;  in  thickness  they  vary  from  six  inches 
to  four  feet,  the  average  width  being  probably  about  two  feet.  The 
chief  constituent  of  the  lodes  in  both  districts  is  quartz,  which, 
near  the  surface,  is  often  granular,  and  is  mixed  with  ferruginous 
gossan,  but  at  greater  depths  is  generally  massive  and  milk-white 
in  colour.  In  the  Menheniot  Lode  chalcedonic  silica  is  sometimes 
associated  with  vitreous  cjuartz  and  chalybite,  while  calcite  occurs 
in  the  deeper  levels.  At  Herodsfoot,  j)earl  spar  is  found  in  the 
joints  and  crevices  both  of  the  lode  and  of  the  country  rock.  Iron 
pyrites,  which  is  usually  more  or  less  argentiferous,  is  a  common 
constituent  of  both  lodes,  while  small  quantities  of  chalcopyrite 
and  blende  occur  most  frequently  in  the  more  quartzose  portions 
of  the  veins.  In  addition  to  these  minerals,  the  lode  at  Herods- 
foot contains  bournonite  and  sulphide  of  antimony.  Carbonate  and 
phosphate  of  lead  occur  near  the  surface,  but  lower  down  these 
minerals  are  entirely  replaced  by  galena.  In  the  Menheniot  Lode 
the  ore  is  often  associated  with  quartz  and  fluor  spar;  while  at 
Herodsfoot,  on  the  other  hand,  a  granular  quartzose  veinstone, 
including  numberless  spots  and  patches  of  galena,  is  traversed  by 
strings  and  ribs  of  that  ore.  In  this,  as  in  all  other  lead  districts, 
the  ores  obtained  from  different  lodes,  and  even  from  different 
parts  of  the  same  lode,  are  unequally  argentiferous.  The  ore  sold 
at  Huel  Trelawny  from  1851  to  1869  afforded  on  an  average 
0'001246  its  weight  of  silver,  which  is  equivalent  to  40  3z.  ISdwt. 
9gr.  per  ton  of  2,240  lbs. 

At  Huel  Mary  Ann  the  ore  returned  from  1851  to  1869  yielded 
on  an  average  0"001435  of  silver,  equal  to  46  oz.  17  dwt.  11  gr.  per 
ton.  In  both  mines  there  was  a  gradual  increase  in  the  proportion 
of  silver  from  the  shallower  to  the  deeper  levels.  Huel  Mary  Ann 
and  Huel  Trelawny  suspended  operations  in  1876. 

The  lead  ore  extracted  from  the  northern  and  southern  mines  at 
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Herodsfoot  from  1851  to  1867  afforded  on  an  average  0'000814!  of 
silver,  equivalent  to  26  oz.  11  dwt.  16  gr.  per  ton.  The  lead  ores 
raised  throughout  Cornwall  in  1855  contained  on  an  average  about 
23  oz.  of  silver  per  ton. 

The  lodes  of  this  district  frequently  enclose  thin  laminae  of  slate, 
which  usually  assume  the  direction  and  dip  of  the  enclosing  veins. 
These  fragments  are  often  sharply  defined  and  quite  unaltered,  but 
they  are  sometimes  permeated  by  siliceous  and  calcareous  matter,  or 
are  penetrated  by  strings  and  branches  of  veinstone.  The  leaders  or 
metalliferous  portions  of  the  veins  are  sometimes  separated  from 
the  country  rock  by  a  band  of  breccia,  consisting  of  angular  masses 
of  slate  sometimes  enveloped  in  as  many  as  six  accretions  of  chal- 
cedonic  silica.  These  enclosed  fragments  are  often  exceedingly 
small,  and  seldom  exceed  three  inches  in  diameter;  they  have 
frequently  to  some  extent  become  replaced  by  quartz,  and  thin 
branches  of  this  mineral,  containing  either  galena  or  iron  pyrites, 
often  intersect  or  interlie  the  laminae.  Cavities  studded  with 
botryoidal  concretions  of  agate-like  silica  encrusted  mth  crystals 
of  quartz  and  sprinkled  over  with  calcite  and  chalybite  occur  in 
all  parts  of  the  siliceous  cement. ^ 

Towards  the  southern  portion  of  Huel  Mary  Ann  and  through- 
out the  adjoining  mine  of  South  Huel  Trelawny  as  well  as  between 
the  old  and  new  mines  at  Herodsfoot,  the  lodes  are  represented  by 
bunches  and  disconnected  strings  of  veinstone,  occasionally  con- 
taining a  few  spots  and  bunches  of  ore.  These  usually  follow 
a  joint  maintaining  the  normal  direction  of  the  lode,  but  seldoin 
affect  parallel  portions  of  neighbouring  joints.  Wherever  the 
lodes  are  thus  broken  up  and  disturbed,  the  country  rock  is  dis- 
ordered and  traversed  by  numerous  flucans  of  slaty  clay. 

The  workings  at  Herodsfoot  were  extended,  at  different  depths , 
for  distances  varying  from  thirty  to  forty-five  fathoms  through  this 
disordered  ground,  before  the  lode,  which  had  dwindled  in  the  old 
mine,  was  again  found  in  the  new.  At  Huel  Mary  Ann  and  South 
Huel  TrelaAvny  still  greater  distances  were  laid  open  without 
success.  The  water  of  these  mines  contains  large  quantities  of 
sulphate  of  calcium. 

The  Menheniot  lead  lode  is  intersected  by  two  flucans,  the  most 
northerly  of  these,  in  Huel  Trelawny,  bears  10^  S.  of  E.  and  dips 

^  Fig.  41,  p.  91,  shows  the  mode  of  occurrence  of  brecciated  veinstone  at  Huel 
Mary  Ann,  while  Fig.  38,  p.  88,  represents  a  quartzose  concretion  from  Huelgoet 
of  the  same  character  as  those  which  are  found  in  the  cementing  material  of  the 
Menheniot  lodes. 

Q 
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S.  about  55° ;  the  more  southerly,  in  Huel  Mary  Ann,  bears  about 
S.E.  and  N.W.,  with  a  dip  N.E.  varying  from  about  40°  to  50°. 
The  lode  has  consequently  the  direction  of  the  unproductive  cross- 
courses  of  other  districts,  while  the  flucans  have  the  same  bearing 
as  the  lodes  of  tin  and  copper. 

According  to  Henwood  the  profits  made  from  1844  to  1869  were 
as  follows  : — 

Huel  Trelawny  ....  £56,914 
Huel  Mary  Ann  ....  65,585 
Herodsfoot        49,848 


Total        .     .    £172,347 

At  Huel  Ludcott,  in  the  parish  of  St.  Ive,  about  a  mile  and  a 
half  N.N.E.  of  Huel  Trelawny,  the  country  rock  is  a  glossy  dark- 
blue  killas,  with  planes  of  cleavage  ranging  nearly  N.E.  and  S.W. 
and  dipping  from  15°  to  20°  S.E.  Two  nearly  parallel  lodes 
running  about  N".  and  S.,  and  dipping  from  80°  to  86°  E.,  have 
been  worked,  one  to  a  depth  of  80  and  the  other  to  that  of 
130  fathoms.  The  shallower  parts  of  both  veins  consisted  of 
granular  quartz,  gossan,  and  slaty  clay,  with,  occasionally,  a  little 
iron  pyrites,  chalcopyrite,  blende,  and  galena.  At  more  consider- 
able depths  the  quartz  became  less  crystalline,  and  calcite  made 
its  appearance.  In  some  places  both  these  lodes,  which  vary  from 
two  to  three  feet  in  width,  were  rich  in  galena,  which,  on  one  side 
of  the  north  cross-course,  contained  nearly  twice  as  large  a  pro- 
portion of  silver  as  on  the  other.  Three  cross-veins,  all  bearing 
E.  and  W.,  dipping  S.,  and  varying  from  one  foot  to  eighteen  feet 
in  width,  intersect  both  lodes. 

The  cross-veins  generally  consist  of  slaty  clay,  granular  quartz, 
calc  spar,  chalybite,  and  iron  pyrites ;  but  sometimes  the  quartz 
becomes  more  flinty,  and  isolated  masses  of  galena  or  small 
patches  of  copper  pyrites  make  their  appearance.  Between  the 
severed  portions  of  the  eastern  lode,  at  dejjths  varying  from 
93  to  110  fathoms,  the  northern  cross-course  enclosed  crystals  of 
galena  poor  in  silver,  occasionally  detached,  but  sometimes  em- 
bedded in  masses  of  argentite  of  considerable  size.  Stephanite, 
pyrargyrite,  and  argentite  were  also  met  with  in  druses,  where 
they  were  sprinkled  over  crystals  of  quartz  and  calcite.  Crystals 
of  galena  were  also  often  covered  in  the  same  way  with  crystals 
of  silver  ore,  and  threads  of  native  silver  traversed  the  veinstone 
as   well   as   the   sfalena  and   other  ores.     From  this   cross-course 
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804  tons  15  cwts.  of  silver  ores  were  obtained,  which  sold  for  a 
little  more  than  £22,501,  making  an  average  of  £73  16s.  Sd.  per 
ton.  The  percentage  of  lead  varied  from  7  to  40  per  cent.,  but 
the  average  yield  of  this  metal  was  not  much  above  9  per  cent., 
and  the  ores  can,  therefore,  only  be  regarded  as  silver  ores. 

The  Callington  mining  district  may  be  described  as  an  area 
chiefly  consisting  of  clay  slate,  which  includes  the  two  smaller 
granite  protrusions  of  Kit  Hill  and  Gunnis  Lake,  constituting 
links  between  the  two  great  ranges  of  Bodmin  Moor  and  Dart- 
moor. It  comprises  parts  of  the  parishes  of  Callington,  Calstock, 
and  Stoke  Climsland,  including  an  area  of  about  five  miles  in 
length  and  nearly  three  in  width. 

The  granite  of  Kit  Hill  and  of  Gunnis  Lake  is  somewhat 
finer  in  grain  than  that  of  the  larger  masses  of  that  rock  further 
west,  but  it  is  frequently  traversed  by  veins  of  quartz  and  schorl, 
which  sometimes  contain  tin  oxide.  The  slate  varies  considerably 
in  different  localities,  both  in  colour  and  in  texture.  At  Drake 
Walls,  where  it  is  of  a  deep  blue  colour  and  has  a  silky  lustre, 
several  lodes  have  been  worked,  and  have  in  the  aofo-resate 
produced  large  quantities  of  tin  ore,  which  is,  however,  usually 
associated  with  wolfram.  The  rock  is  often  traversed  by  small 
veins  of  cassiterite,  like  those  which  occur  in  slate  at  Polberrow, 
and  in  granite  at  Carclaze,  and  elsewhere  in  Central  Cornwall. 
The  direction  of  the  lodes  is  generally  a  few  degrees  S.  of  W. ;  but 
some  of  them  bear  rather  N.  of  W.  They  dip  for  the  most  part 
towards  the  north,  although  a  few  have  an  opposite  inchnation. 
Cross-courses  are  numerous,  and  they  occasionally  heave  the 
lodes  to  a  considerable  distance.  Huel  Betsy  and  Redmoor, 
which  are  both  in  killas,  have  yielded  large  quantities  of  galena 
associated  with  chalybite.  Native  copper,  cuprite,  malachite,  black 
copper,  copper  glance,  copper  pyrites,  and  sundiy  rare  minerals, 
and  among  others  uranite,  have  been  found  at  Gunnis  Lake. 

A  metalliferous  bed  containing  quartz,  chalybite,  copper 
pyrites,  and  other  minerals  occurs  at  Virtuous  Lady.  Its  course 
is  about  20°  S.  of  W.,  and  its  dip  N.,  with  a  thickness  varying 
from  a  few  inches  to  thirty  feet.  The  ores,  which  are  very 
irregularly  disseminated  throughout  the  mass,  usually  occur  in  the 
quartz,  but  large  patches  are  also  sometimes  found  associated  with 
carbonate  of  iron  and  iron  pyrites.  This  mine  was  long  cele- 
brated for  its  fine  crystals  of  chalybite.  Childrenite  has  been 
found  at  the  George  and  Charlotte  Mine,  as  well  as  at  Huel 
Crebor,  in  this  district. 

Q  2 
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The  Callington  district  at  the  present  time  is  of  but  little 
commercial  importance  as  a  mining  area,  although  it  was  formerly 
much  more  productive.  The  mine  till  recently  making  the  largest 
returns  is  Gunnis  Lake  Glitters,  which,  during  the  year  1881, 
yielded  2,520  tons  of  copper  ore,  of  the  value  of  £15,831  15s.  Qd. 
It  is  now  closed  down.  An  attempt  was  recently  made  to  re-open 
Callington  Mine  and  to  work  the  arsenical  pyrites  that  had  been 
previously  neglected  as  worthless,  but  after  struggling  on  for  a 
couple  of  years  it  was  again  closed  down. 

The  production  of  the  mines  of  the  Eastern  Division  of  Cornwall, 
during  the  year  1881,  was  as  follows  : — 


Tons. 

Weight, 
cwts. 

qrs. 

Value. 
£            s.       d. 

Black  tin 

541 

18 

1 

29,958     8     0 

Copper  ore 

11,941 

17 

0 

56,390  16  10 

Lead       „ 

467 

17 

1 

4,550     7  10 

Iron  pyrites 

13,953 

6 

0 

13,154  16  11 

Wolfram 

5 

2 

2 

48  13     9 

Totals     .     26,909       10       0  104,103     3     4 

In  addition  to  the  black  tin  produced  by  the  mines  of  Cornwall 
during  the  year  1881,  957  tons  1  cwt.  were  obtained  from  streams, 
rivers,  and  foreshores,  and  263  tons  19  cwts.  2  qrs.  of  black  tin  were 
returned  as  sold  in  the  form  of  undressed  tin-stuff.  In  1894  the 
so-called  stream  works,  the  largest  of  which  are  on  the  Red  rivers, 
and  which  treat  the  tailings  from  the  various  mines,  that  is  to  say 
re- treat  the  refuse  which  the  tin  stamps  allow  to  run  to  waste, 
extracted  1,300  tons  of  tin  ore  valued  at  £29,075.  That  dressing 
operations  should  be  so  carelessly  conducted  as  to  allow  of  the 
tailings  becoming  a  source  of  profit  to  those  who  have  not  incurred 
any  of  the  expense  of  raising  the  ore,  and  to  admit  of  so  large  a 
quantity  of  metal  being  extracted  from  them,  has  long  been  a 
disgrace  to  Cornish  tin-mining,  and  cannot  but  have  contributed 
in  some  measure  to  the  present  unfavourable  condition  of  that 
industry. 

Cornwall  has  been  a  small  producer  of  iron  ore  U]3  to  the  year 
1883,  when  its  output  of  that  mineral  practically  ceased,  Restormel 
and  Lostwithiel  appearing  to  have  been  two  of  the  most  important 
localities  for  it.  The  production  from  1855  to  1865  averaged  from 
25,000  to  30,000  tons  per  annum,  though  it  was  as  high  as  55,000 
in  1858.     From  1866  to  1871  the  annual  production  was  under 
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10,000  tons,  but  it  reached  48,000  again  in  1872  ;  it  then  com- 
menced to  decline  rapidly,  though  with  occasional  spurts,  till  it 
-was  only  950  tons  in  1883.  It  is  not  to  be  supposed  that  the  iron 
■deposits  of  Cornwall  are  exhausted,  indeed  the  contrary  is  known 
to  be  the  case,  but  as  long  as  good  ores  can  be  sent  in  from  Spain 
and  other  places,  where  they  can  be  quarried  opencast,  there  is 
little  hope  for  vein  mining  for  iron  ores  in  Cornwall. 

Statistics  Bdating  to  the  Production  of  Tin,  Co'j)'pcr  and  Lead  Ores, 
■and  Arsenic  in  Cornwall. — The  period  at  which  Cornish  tin  was 
first  worked  and  exported  has  been  lost  in  the  obscurity  of  ages. 
According  to  Borlase,  however,  the  production  of  tin  in  Cornwall 
was  very  inconsiderable  even  in  the  time  of  King  John,  1199-1216. 
In  this  reign  the  tin  farms  of  the  county  yielded  no  more  than 
100  marks  per  annum,  and  in  accordance  with  this  valuation  the 
Bishop  of  Exeter  received,  in  lieu  of  his  tenth  part,  the  sum  of 
£6  13s.  ^d.  The  tin  farms  of  Devonshire,  at  the  same  period, 
yielded  £100. 

In  1750  the  production  of  the  Duchy  of  Cornwall  was  18,698 
blocks,  equivalent  to  about  3,132  tons  of  metallic  tin.  In  1800, 
-after  having  been  in  1789  as  high  as  22,132  blocks,  the  production 
was  16,397  blocks,  or  about  2,746  tons.  The  production  of 
metallic  tin  in  the  year  1838,  after  having  been  as  high  in  1827 
as  31,744  blocks,  amounted  to  29,321  blocks,  or  about  4,911 
tons. 

Until  the  year  1854  the  production  of  the  Cornish  tin  mines 
was  by  the  Mining  Record  Office  grouped  with  that  of  Devon, 
although  the  yield  of  the  latter  county  was  relatively  unimportant. 
The  table  on  the  next  page  gives  the  production  of  tin  in  Cornwall 
from  the  date  at  which  records  of  the  yield  of  the  two  counties 
have  been  kept  separate. 

The  largest  production  of  tin  ore  in  Cornwall  was  in  the  year 
1871,  but  since  1873  the  amount  annually  produced  has  not  very 
materially  fluctuated,  though  the  last  few  years  show  a  little 
falling  off  in  quantity  and  a  marked  depreciation  of  values  owing 
to  the  low  price  of  tin. 

Copper  mines  do  not  appear  to  have  been  worked  in  this  county 
until  about  the  year  1700,  although  small  quantities  of  copper  ore 
were  previously  obtained  from  mines  worked  more  expressly  for 
tin.  In  1838  the  production  of  the  copper  mines  of  Cornwall 
.amounted  to  145,688  tons,  each  of  21  cwts.,^  representing  a  money 
value  of  £857,779. 

^  Copper  and  lead  ores  are  sold  by  the  ton  of  21  cwts. 
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Weight  axd  Value  of  Tin  Ore  obtained  from  Cornish  Mines 
FROM  1854  to  1894. 


Year. 

Tons.i 

Value  of  Ore. 

Remarks. 

1854 

8,447 

& 
540,608 

1855 

8,627 

586,636 

1856 

9,214 

764,762 

1857 

9,688 

736,228 

1858 

9,905 

630,328 

1859  . 

10,059 

723,370 

1860 

10,225 

798,209 

1861 

10,725 

775.612 

1862 

11.63S 

773,729^ 

1863 

13,932 

924,447 

1864 

13,667 

861,345 

Production  of  Cornish  mines 

1865 

13.867 

767,680 

and  tin  .streams  for  ten 

1866 

13,601 

658,686 

years  to  end  of  1871 — 

1867 

10,988 

545,238 

1868 

11,. 530 

638,052 

Tons.        Value. 

1869 

13,756 

879,997 

134,928    £8,105,313 

1870 

15,190 

998,963 

1871 

16,759 

1,057,176; 

1872 

12,156 

l,053,00n 

1873 

14,660 

1,034.693 

1874 

14,686 

746. 32S 

1875 

13,800 

690,592 

Ten  j-ears  to  end  of  1881— 

1876 

13,523 

570,996 

- 

1877 

14,395 

557,295 

Tons.        Value. 

1878 

14,992 

519,581 

138,.521    £7,098,129 

1879 

14,168 

559,242 

1880 

13,3.53 

673.380 

1881 

12,788 

693,021  J 

1882 

13.994 

803,195- 

1883 

14,399 

731,4')2 

1884 

15,091 

668,151 

1885 

14,323 

659,935 

Ten  years  to  end  of  1891 — 

1886 

14,124 

774.342 

1887 

U.ns3 

872.205 

Tons.        A'alue. 

1888 

14.2S-2 

8SS,940 

143,363   £7,637,236 

1889 

13,756 

726,24(1 

1890 

14,868 

780,017 

1891 

14,444 

732,719> 

1892 

14,260 

728,933 

1893 

13,637 

634,274 

1894 

j   12,880 

'    486,150 

On  referring  to  the  table  on  opposite  page  it  will  be  seen  that 
the  annual  production  of  the  county  has  gradually  decreased  since 
1855. 

It  will  be  observed  that  the  production  of  copper  ore  in  1894 
represented  only  one-hundredth,  and  in  1881  only  one-tenth  of  the 
value  of  that  raised  in  1855.     The   average  produce  in   metal  of 


^  The  ton  of  tin  ore  consists  of  20  cwts.  each  of  115  lbs. 
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the  copper  ores   of  Cornwall  is  at  present  about  6f ,  although  in 


1848  it  was  as  high  as  8f. 


Weight  and  Value  of  Copper  Ore  obtained  from  Cornish  Mines 
FROM  1855  TO  1894. 


Year. 

Tons.i 

Value. 

Remarks. 

1 

1855 

161,576 

£ 
1,064,474\ 

' 

1856 

163,958 

1,019,176 

Production  for  seven  years 

1857 

152,729 

979,565 

to  end  of  1861— 

1858 

147,330 

873,347 

y 

1859 

146,093 

905,897 

Tons.       Value. 

1860 

145,359 

873,471 

1,060,164    £6,532,512 

1    1861 

143,119 

816,582^ 

1862 

141,810 

728,299' 

1863 

129,221 

642,944 

1864 
1865 
1866 

127,033 
121,353 
103,670 

659,918 
572,619 
431,083 

> 

Production  for  ten  years  to 
end  of  1871— 

1867 

88,603 

413,533 

Tons.        Value. 

1868 

86,722 

373,005 

973,494    £4,585,017 

1869 

71,790 

316,364 

1870 

56,526 

242,227 

1871 

46,766 

205,025>' 

1872 

41,756 

226,654] 

1873 

40,285 

188,230 

1874 

40,455 

201,367 

Production  for  ten  vears  to 

1875 

39.393 

204,228 

end  of  1881 — 

1876 

43,016 

202,203 

1877 

39,225 

169,549 

Tons.       Value. 

1878 

36,871 

146,413 

362,619    £1,670,614 

1879 

30,371 

116,168 

1880 

26,737 

111,408 

1881 

24,510 

104,388^" 

1882 

25,641 

114,688^1 

1883 

23,252 

87,394 

1884 

21,541 

65,582 

1885 

19,736 

51,143 

Production  for  ten  years  to 

1886 

7,541 

20,245 

). 

end  of  1891— 

1887 

3,422 

10,149 

1888 

6,841 

37,258 

Tons.        Value. 

1889 

4,962 

15,569 

122,509    £428,847 

1890 

5,273 

15,345 

1891 

4,299 

11,474>' 

1892 

2,813 

6,359 

1893 

2,673 

6,600 

1894 

3,370 

10,802 

1 

The  table  on  following  page  shows  a  great  falling  off  since  1845 
in  the  quantity  and  value  of  the  argentiferous  lead  ores  annually- 
produced  in  the  county  of  Cornwall. 

^  Copper  and  lead  ores  are  sold  by  the  ton  of  21  cwts. 
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Weight  of  Lead  Ores  obtained  from  Cornish  Mines  from  1845  to  1886, 
WITH  THE  Amounts  of  Lead  and  Silver  respectively  contained  in 

THEM,    &C. 


Year. 

Lead  Ore. 

Lead. 

Silver. 

Value  of  Ore. 

Tons. 

Tons. 

1845 

10,100 

6,063 

1846 

11,574 

7,304 

1847 

8,228 

4,933 

1848 

10,494 

6,614 

1849 

10,325 

6,773 

1850 

10,386 

6,782 

Oz. 

1851 

9,515 

6,709 

255,640 

1852 

8,998 

6,220 

250,008 

1853 

6,680 

4,690 

165,670 

Average  per  ton. 

1854 

7,460 

5,005 

179,675 

£  s.   d. 

1855 

8,962 

5,882 

211,348 

14  4  6 

1856 

9,973 

6,597 

248,436 

14  8  0 

1857 

9,559 

6,036 

224,277 

14  15  0 

1858 

9,710 

5,436 

223,189 

14  6  0 

1859 

7,842 

4,985 

215,964 

13  16  0 

1860 

6,410 

4,242 

180,757 

13  17  8 

1861 

6,690 

4,228 

173,344 

12  10  7 

1862 

6,030 

4,119 

205,662 

12  10  0 

1863 

6,259 

4,270 

206,312 

13  1  6 

1864 

5,301 

3,538 

192,232 

14  5  10 

1865 

6,546 

4,296 

214,659 

12  14  7 

1866 

6,736 

4,350 

195,218 

12  15  1 

1867 

8,645 

6,480 

314,326 

12  17  6 

1868 

8,415 

6,310 

303,033 

12  1  8 

1869 

9,023 

6,775 

315,714 

12  5  6 

1870 

8,481 

6,360 

292,045 

12  4  6 

1871 

7,564 

5,073 

267,324 

12  6  0 

1872 

5,463 

4,098 

207,710 

13  13  0 

1873 

3,909 

2,923 

129,509 

15  8  0 

1874 

3,119 

2,337 

i    85,304 

14  13  6 

1875 

2,566 

1,932 

'        25,681 

15  9  3 

1876 

2,727 

2,070 

!    37,650 

15  8  0 

1877 

2,166 

1.674 

1    23,035 

13  19  0 

1878 

1,349 

1,022 

'    16,456 

10  11  8 

1879 

725 

545 

9,435 

10  6  0 

1880 

754 

570 

11,790 

11  6  0 

1881 

765 

409 

1    14,396 

10  3  0 

1882 

624 

454 

!    11,460 

11  0  6 

1883 

830 

588 

9,445 

9  11  3 

1884 

529 

352 

5,000 

7  2  10 

1885 

241 

160 

1    2,500 

8  6  0 

1886 

227 

168 

j    2,200 

8  5  0 

There  has  been  practically  no  lead  produced  in  the  Duchy 
since  1886. 


Total  production  of  lead  ore  for  ten  vears  to  end  of  1861 

1871 

„  „  ,,  ,,  1881 

from  1881  to  end  of  1894 


Tons. 
82,284 
73,000 
23,543 

2,467 


The  production  of  white  arsenic  by  the  calcination  of  arsenical 
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pyrites  has  long  been  an  important  industry  in  Cornwall.  It  seems 
to  have  been  at  its  best  in  1884  and  1885,  and  has  been  slowly 
falling  since  that  time.  The  following  table  shows  the  returns 
since  the  first-named  date ;  in  1884  and  1885  the  production  of 
arsenical  pyrites  is  included  in  the  returns  of  arsenic. 

Production  of  Aksexic  in  Cornwall  from  the  Year  1884  to  the 
Year  1894. 


Tear. 

White  Arsenic. 

Arsenical  Pyrites. 

Quantity.       ,         Value. 

Quantity.               Value. 

Tons.                        £ 

1884  4,273              24,062 

1885  4,034             27,499 

1886  1,791                9,671 

1887  1,661              10,122 

1888  1,584               9,295 

1889  1,927              12,110 

1890  3,143             26,503 

1891  3,048              26,423 

1892  2,567              19,600 

1893  1,751              13,471 

1894  1,853              16,166 

Tons.                        £ 

2,414                5,898 
102                     97 
1,443                1,154 
2,443               2,453 
1,536                1,681 
1,104                1,2.34 
1,086                1,067 
835                   639 
1,516                1,340 

Devonshire. — The  mines  of  Devonshire  are  much  less 
numerous  and  productive  than  those  of  Cornwall,  which  they, 
however,  resemble  in  various  other  respects,  besides  being  for  the 
most  part  situated  in  the  approximate  vicinity  of  the  junction  of 
clay  slates  and  granite.  The  most  important  of  the  mining 
■districts  of  this  county  is  that  of  Tavistock,  which  includes  the 
whole  of  the  killas  area  extending  from  the  river  Tamar  to 
Dartmoor,  having  a  width  from  north  to  south  of  about  ten  miles. 
In  this  district  are  situated  the  celebrated  copper  mines  of  Devon 
Oreat  Consols,  formerly  the  most  productive  in  Great  Britain. 
This  undertaking  was  started  in  the  year  1844  with  a  capital 
of  only  £1,024,  which  was  never  increased  by  calls  or  otherwise; 
but  in  the  course  of  the  following  twenty-one  years  a  total  profit 
of  £1,000,000  was  the  result  of  the  operations. 

The  mining  field  of  Devon  Great  Consols  comprehends  several 
separate  grants,  all  of  which  are  connected  by  underground  work- 
ings. The  original  sett  was  that  of  Huel  Maria,  the  others  having 
been  subsequently  added  as  extensions  became  desirable.  There 
are  six  different  lodes  at  the  Devon  Great  Consols,  namely,  two  to 
the  north  of  the  main  lode,  the  main  lode  itself,  and  three  others 
to  the  south  of  it ;  these,  including  the  principal  vein,  have  a 
direction  varying  from  12°  to  20°  S.  of  E.   and  N.  of  W.     Their 
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underlie  is  towards  the  S.,  and  is  on  an  averag-e  about  two  feet  in 
a  fathom. 

The  country  rock  is  a  kind  of  mottled  killas,  the  spots  in  which 
are  apparently  caused  by  minute  and  imperfect  crystals  of  andalu- 
site.  At  one  point  the  workings  extend  westward  to  the  Gunnis 
Lake  mass  of  granite,  but  there  are  no  elvans  in  the  immediate 
neighbourhood  of  the  mines.  In  the  greater  portion  of  the  work- 
ings the  walls  of  the  lodes  are  well  defined,  this  being  more 
especially  the  case  where  they  are  most  productive.  The  width 
of  the  main  lode,  which  has  yielded  the  principal  portion  of  the 
copper  obtained  from  the  mines,  is  sometimes  as  much  as  thirty 
feet;  Avhile  the  others  are  considerably  narrower  and  of  less 
importance.  There  are  ten  known  cross-courses  at  Devon  Consols ; 
one  at  Huel  Maria  has  heaved  the  lode  eighty  fathoms  to  the  right, 
but  the  other  lodes  have  not  been  opened  sufficiently  near  this 
cross-course  to  ascertain  its  influence  upon  them.  What  is  known 
as  the  "  Great  Cross-course "  is  chiefly  composed  of  flucan,  with 
occasionally  a  little  gossan  near  the  surface.  Spots  of  lead  ore 
have  also  occasionally  been  found  in  the  flucan.  The  lodes  are, 
for  the  most  part,  composed  of  quartz  associated  with  iron  pyrites, 
arsenical  pyrites  and  copper  pyrites,  with  sometimes  a  little  tin 
ore,  while  carbonate  of  iron  is  usually  present,  not  unfrequently 
forming  the  material  cementing  together  the  brecciated  portions  of 
the  veins.  One  of  the  lodes  in  these  mines  sometimes  assumes  the 
appearance  of  having  been  filled  with  fragments  of  crushed  killas, 
united  by  crystalline  iron  pyrites.  When  a  lode  of  this  descrip- 
tion has  been  opened  upon  by  levels  or  otherwise,  the  pyrites 
becomes  rapidly  oxidised,  the  veinstone  is  quickly  disintegrated, 
and  very  heavy  timbering  is  required  to  keep  the  ground  open. 

The  ores  raised  at  Devon  Great  Consols  are  usually  of  a  low 
produce  for  copper,  but  they  contain  in  addition  a  considerable 
amount  of  arsenic.  A  large  proportion  is  consequently  roasted 
previous  to  being  sold  as  copper  ore  ;  this  operation,  in  addition  to 
yielding  a  valuable  product  in  the  form  of  white  arsenic,  materially 
mcreasing  the  percentage  of  copper  in  the  residues.  About  six- 
sevenths  of  all  the  ores  now  sold  are  calcined  for  arsenic  previous 
to  being  sent  to  market. 

The  principal  workings  of  the  mines  do  not  extend  to  a  depth 
much  exceeding  220  fathoms  below  the  adit,  which  is  sixty  fathoms 
from  the  surface ;  one  shaft  has,  however,  been  sunk  to  a  depth  of 
800  fathoms  below  the  adit  level,  chiefly  in  the  hope,  which  has 
hitherto  been  disappointed,  of  finding  tin  ore. 

The  workings  comprise  twenty-seven  and  a  half  miles  of  levels, 
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six  and  a  half  miles  of  winzes  and  rises,  and  two  and  a  half  miles 
of  vertical  shafts.  The  largest  return  made  in  any  one  year  was 
in  1857,  when  28,836  tons  of  copper  ore,  of  the  value  of  £159,432, 
were  raised  and  sent  to  market.  The  production  of  Devon  Great 
Consols  for  1881  was  10,922  tons  of  copper  ore,  of  4yV  produce,  and 
of  the  value  of  £20,113.  As  before  stated,  the  ores  of  these  mines 
are  usually  arsenical,  and  during  the  year  1881,  2,851  tons  of  white 
arsenic,  of  the  value  of  £23,324,  were  prepared  by  calcination. 

The  copper  output  remained  at  about  the  same  figure,  namely, 
10,000  tons  of  ore,  till  1885  ;  in  1886,  however,  it  was  only  6,083, 
valued  at  £6,565  ;  in  1890  it  was  4,368  tons,  worth  £4,310,  and 
has  dropped  in  1894  to  2,211  tons,  valued  at  £2,907. 

The  mine  has,  however,  maintained  a  steady  output  of  between 
2,000  and  4,000  tons  of  refined  white  arsenic,  worth  somewhere 
about  £10  per  ton.  Thus  the  out|3ut  for  1894  was  2,212  tons  of 
arsenic,  valued  at  £24,608. 

Up  to  the  end  of  1894  Devon  Great  Consols  has  afforded 
733,938  tons  of  copper  ore,  valued  at  £3,477,392.  The  value  of 
its  arsenic  output,  however,  is  even  more  than  the  above  sum, 
exceeding  four  millions  sterling ;  at  present,  as  has  been  seen,  the 
copper  outjDut  is  small  comj)ared  with  that  of  the  arsenic,  the  latter 
beiuo-  worth  over  eio'ht  times  as  much  as  the  former. 

Bedford  United  Mines,  lying  about  a  mile  south  of  Devon  Great 
Consols,  have  for  many  years  been  a  fairly  productive  undertaking. 
During  thirty  years  ending  December  31, 1881,  these  mines  yielded 
47,544  tons  of  copper  ore,  of  the  aggregate  value  of  £113,298. 
The  production  of  the  year  1881  was  656  tons  of  copper  ore,  of 
5f  produce,  representing  a  value  of  £1,997. 

Its  output  then  improved  a  little,  till  in  1884  it  produced  2,311 
tons,  valued  at  £6,964  ;  like  its  neighbour,  the  Devon  Great 
Consols,  1885  was,  however,  the  last  year  in  which  it  made  any- 
thing like  a  fair  return,  and  the  yield  having  fallen  in  1889  to  20 
tons,  the  mine  was  closed  do"\vn. 

Huel  Friendship,  near  Mary  Tavy,  which  returned  110  tons  of 
ore  in  1811,  was  for  many  years  a  productive  copper  mine,  but  the 
yield  of  ore  having  become  gradually  reduced,  the  workings  were 
ultimately  suspended  in  1857.  The  total  yield  of  this  mine  during 
twenty-six  years  amounted  to  32,250  tons  of  copper  ore,  of  the 
value  of  £250,410. 

Numerous  lodes  have  at  various  times  been  opened  in  the 
neighbourhood  of  Bridestow  and  Okehampton,  to  the  north  of  the 
Tavistock  district  skirting  the  southern  flank  of  Dartmoor,  but  in 
no  instance  does  a  profitable  mine  appear  to  have  been  discovered. 
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In  the  Asliburton  district,  Avhich  includes  all  the  area  of  clay  slates 
skirting  the  eastern  side  of  Dartmoor,  and  extending  some  miles 
north  and  south  of  Ashburton,  are  numerous  lodes,  some  of  which 
have  yielded  ores  of  copper  and  tin ;  they  have,  however,  seldom 
yielded  these  ores  in  remunerative  quantities.  ' 

Lead  mining  in  Devonshire  is  of  great  antiquity,  dating  back 
to  the  time  of  the  Roman  occupation  of  the  countiy.  Some  of  the 
mines  of  this  county  were  worked  on  account  of  the  crown  for  the 
silver  contained  in  the  lead  ore  as  early  as  the  reign  of  Edward  I., 
when  they  are  recorded  to  have  been  profitable.  The  lead-mining 
districts  of  Devonshire  are  chiefly  around  Beer- Alston  and  Combe 
Martin.  The  mines  of  the  latter  district  were  re-opened  in  the 
reign  of  Elizabeth,  and  have  been  worked  at  various  times  since 
that  period.  Their  working  was  strongly  recommended  to  the 
Long  Parliament  in  1659,  but  they  do  not  appear  to  have  been 
again  opened  until  the  end  of  that  century,  and  then  without 
success.  In  1813  they  were  re-opened  and  worked  for  four  years, 
during  which  period  they  produced  only  208  tons  of  lead  ore. 
They  were  subsequently  closed,  and  again  worked  in  1837.  Of 
late  years  the  most  productive  lead  mines  have  been  those  in  the 
neighbourhood  of  the  Tamar,  and  the  Exmouth  and  Frank  Mills 
Mines  on  the  banks  of  the  river  Teign,  within  ten  miles  of 
Exeter.  One  of  the  most  productive  of  the  Tamar  mines  was, 
some  years  since,  flooded  by  the  waters  of  that  river  breaking 
into  the  workings.  A  considerable  amount  of  lead  ore  has  also 
been  raised  at  Christow. 

The  production  of  the  lead  mines  of  Devonshire  has  for  many 
years  been  gradually  declining,  the  total  amount  of  lead  ore  pro- 
duced in  the  county  in  1881  being  only  ten  tons.  From  1851  to 
the  end  of  1863,  a  period  of  twelve  years,  the  Tamar  Silver  Lead 
Mine  yielded  7,910  tons  of  lead  ore,  containing  332,204  oz.  of 
silver.  The  Frank  Mills  Mine  from  1857  to  the  end  of  1880, 
when  the  last  sale  of  ore  was  made,  a  period  of  twenty-three  years, 
produced  14,511  tons  of  lead  ore,  containing  247,151  oz.  of  silver. 

A  good  deal  of  manganese  is  found  in  various  parts  of  Devon- 
shire. One  of  the  most  important  deposits  forms  the  filling  of  a 
fault  in  the  Red  Sandstone,  and  has  been  worked  at  Newton  St. 
Gyres  and  other  places  in  the  neighbourhood  of  Exeter ;  Chillaton 
and  Upton  Pyne  are  also  well-known  localities.  In  1825  the  pro- 
duction of  manganese  was  about  2,000  tons  per  annum  :  ten  years 
later  it  had  risen  to  5,000  tons  and  continued  to  fluctuate  between 
500  and  5,000  tons  till  1875,  when  about  3,000  tons  were  pro- 
duced.    The  output  then   commenced  to    fall    off;  after    having 
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been  very  high  during  the  seventies  it  came  down  between  1S82 
and  1886  to  an  average  of  1,000  tons  per  annum,  valued  at  about 
£2  per  ton.  In  1888  only  156  tons  were  produced,  and  though  in 
1892  the  exceptional  amount  of  840  tons,  valued  at  £1,050,  was 
returned,  in  189-i  the  production  was  only  81  tons,  valued  at  £12. 

Iron  ore,  principally  red  and  brown  hsematite,  has  been  pro- 
duced for  many  years,  but  in  very  fluctuating  quantities.  Perhaps 
the  best  known  locality  is  Combe  Martin  in  North  Devon,  where 
a  vein  of  hsematite  of  good  quality  has  been  extensively  worked. 
The  production  of  iron  ore  in  Devonshire  rose  gradually  from  some 
1,500  tons  in  1855  to  11,000  in  1864  and  to  40,000  in  1866.  It 
then  fell  to  7,000  tons  in  1869,  but  reached  31,000  in  1873,  from 
which  figure  it  fell  to  600  tons  in  1879,  though  it  rose  to  12,600 
in  the  following  year.  It  then  again  fell  rapidly  to  1,000  tons  in 
1886,  was  4,000  in  1890,  and  in  1894  was  reduced  to  the 
insignificant  total  of  280  tons  from  Bovey  Tracey. 

Statistics  relating  to  the  production  of  Tin,  Copper  and  Lead' 
Ores,  and  of  Arsenic  in  Devonshire. — For  many  years  past  nearly 
the  whole  of  the  tin  produced  in  the  United  Kingdom  has  been 
obtained  from  the  mines  of  Cornwall,  Devonshire  contributing  a 
quite  insignificant  amount,  although  Devonshire  is  said  to  have 
formerly  produced  a  larger  amount  of  tin  ore  than  Cornwall.  The 
following  table  shows  the  production  of  this  county  for  the  last, 
forty  years,  since  separate  statistics  have  been  kept. 

Weight  a>«d  Value  of  Tin  Ore  produced  ix  Devonshire  from 
1854  TO  1894.    . 
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A  comparison  with  the  similar  table  on  page  230  will  sliow  the 
relation  that  Devonshire  bears  to  Cornwall  as  a  tin  j)roducer ;  it 
must,  however,  be  remembered  that  these  are  the  totals  only  of 
such  mines  as  clean  their  own  tinstone.  Any  undressed  ore  is  not 
included  J  but  the  amount  of  this  is  rarely  important; 

Weight  and  Value  of  Copper  Ore  obtained  from  Mines  in  Devonshire 
FROM  1856  TO  1894. 


Tear. 

Ore. 

Value.              ■                        Remarks. 

Tons. 

£ 

1856 

42,024 

215,644 

1857 

37,800 

222,416 

1858 

36,332 

194.133 

1859 

36,415 

188,737 

1860 

35,283 

186,081 

1861 

35,796 

187.188 

1862 

40,095 

196,012^ 

1863 
1864 
1865 

40,742 
37,978 
38,156 

189,208 
194,197 
184,776 

Production    of    copper  ore 
for  ten  years  to  end  of 
1871— 

1866 

34,471 

151,481 

1867 

31,163 

143,898 

Tons.                 Valne. 

1868 

30,640 

128,74s 

335,072       £1,437,881 

1869 

32,723 

86,056 

1870 

24,752 

84,096 

1871 

24,352 

79,409> 

1872 

23,630 

88,668- 

1873 

14,810 

48.200 

1874 

12,826 

52.746 

1  Production   of    copper   ore 

1875 

14,097 

8(;..S!t.S 

for  ten  years  to  end  of 

1876 

16,276 

58,240 

1881— 

1877 
1878 
1879 

16,980 
12,648 
12,736 

50,484 
26,575 
311.616 

^ 

Tons.                 Value. 
156,211        £523,975 

1880 

15,076 

4-2.r>:v.) 

1881 

17,132 

39,:)i)9^ 

1882 

19,201 

66,133 

1883 

18,198 

41,797 

1884 

18,081 

36,412 

Production   of    copper   ore 

1885 

15,013 

25,241 

for   ten   years  to  end  of 

1886 

10,076 

15,992 

1891— 

1887 

5,184 

8,800 

1888 
1889 

6,936 
2,659 

16,558 
5,547 

Tons.                Value. 
105,425        £232,282 

1890 

6,038 

9,197 

1891 

4,039 

6,605>' 

1 

1892 

2,823 

4,264 

1893 

2,471 

5.940 

1894 

2,314 

3,012 

It  will   be  noticed  firstly  that  there  has  been  a  very  rapid  fall- 
ing off  in  the  output  of  copper  since  about  1886,  and  secondly  that 
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Devon  Great  Consols   plays  a  very  important  part   in  the  mineral 
jjroduction  of  the  entire  county. 

The  subjoined  table  gives  the  production  of  lead  ore  in  Devonshire 
for  forty  years,  and  shows  the  gradual  falling  off  which  has  taken 
place  in  the  yield  of  the  lead  mines  of  this  county;  no  lead  has  been 
produced  by  it  since  1890. 
Weight  of  Le.\d  Ores  obtained  from  the  Mines  of  Devonshire  from  1852 

TO  1891,  WITH  THE  AMOUNTS   OF   LeAD   AND   SiLVER   RESPECTIVELY   CONTAINED 
IN   THEM. 


Year. 

Lead  ore. 

Lead. 

Silver. 

Tons. 

Tons. 

Oz. 

1852 

2,977 

1,917 

91,340^ 

1853 

3,014 

1,798 

106,236 

1854 

4,139 

2,612 

119,288 

Production  for  ten  vears 

to  end 

1855 

4,035 

2,292 

89,908 

nflSfil  — 

1856 

3,138 

2,000 

77,456 

1857 

2,590 

1,535 

50,262 

Lead  ore.               Lead. 

Silver. 

1858 
1859 

2,779 
3,172 

1,695 
2,090 

53,366 
66,875 

Tons.                  Tons. 
31,624            19,760 

Oz. 

752,977 

1860 

3,018 

2,030 

53,059 

1861 

2,762 

1,791 

4o,187>' 

1862 

2,079 

1,376 

39,265% 

1863 

1,578 

1,080 

20,357 

1864 

1,656 

1,093 

21,480 

1865 

1,847 

1,147 

33,865 

Production  for  ten  years 

to  end 

1866 

723 

471 

13,017 

j       of  1871— 

1867 

803 

526 

13,719 

i 

i    Lead  ore.               Lead. 

Silver. 

1868 

1,522 

1,141 

39,865 

Tons.                   Tons. 

Oz. 

1869 

1,080 

677 

27,451 

t     13,463             8,997 

247,530 

1870 

1,235 

829 

24,706 

1871 

940 

657 

13, 805  J 

1872 

746 

522 

10,392% 

. 

;     1873 

676 

472 

6,510 

1874 

451 

311 

7,809 

Production  for  ten  vears 

to  end 

1875 

335 

242 

4,542 

;       of  1881— 

1876 

437 

327 

5,890 

' 

1877 

337 

252 

4,948 

Lead  ore.               Lead. 

Silver. 

1878 
1879 

234 
129 

169 
97 

3,286 
1,915 

Tons.                   Tons, 
3,386             2,423 

Oz. 
45,578 

1880 

31 

23 

226 

.    1881 

10 

8 

m) 

1882 

13 

9 

65. 

1883 

— 

— 

— 

1884 
1885 

2 
3 

1 

1 

2 

2 

Production  for  ten  vears 

to  end     1 

1886' 

20 

7 

2 

of  1891— 

1887 

— 

— 

— 

Lead  Ore.               Lead. 

Value. 

1888 

— 

— 

— 

Tons.                   Ton.s. 

£ 

1889 

— 

— 

— 

220                 158 

1,318 

1890 

182 

140 

o 

1891 

— 

—     J 

It  is  worth  noting  that  whilst  the  percentage  of  lead  in  the  ore 
Tias  remained  approximately  constant  during  this  period,  its  rich- 
ness in  silver  has  very  markedly  decreased. 
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As  in  the  case  of  Cornwall,  the  production  of  white  arsenic 
forms  an  important  factor  in  the  mineral  wealth  of  Devonshire  ; 
as  already  pointed  out,  Devon  Great  Consols  is  now  the  chief  con- 
tributor to  this  output,  which  precisely  as  in  Cornwall  reached  its 
apogee  in  1884  and  1885,  and  has  been  slowly  but  irregularly 
declining  since  then  as  shown  by  the  subjoined  table : — 

Pkoduction  of  Arsenic  in  Devonshire  from  the  Year  1884  to  1894. 


Tear. 

White  Arsenic. 

Arsenical  Pyrites. 

Weight. 

Value. 

Weight. 

Value. 

Tons. 

£ 

Tons. 

£ 

1884 

5,395 

34,922 

1 

1 

1885 

6,006 

30,931 

1 

1 

1886 

3,236 

23,131 

2,504 

1,851 

1887 

2,957 

22,336 

4,262 

3,108 

1888 

3,040 

25,092 

3,882 

3,086 

1889 

2,831 

26,150 

5,245 

4,864 

1890 

4,133 

34,224 

3,578 

2,733 

1891 

3,001 

32,170 

3,991 

3,136 

1892 

2,547 

24,086 

3,411 

3,921 

1893 

4,225 

44,223 

2,201 

2,309 

1894 

2,901 

32,212 

1,769 

2,480 

Somersetshire, — Lead  and  zinc  ores  were  formerly  obtained 
from  the  Carboniferous  limestones  of  Somersetshire,  but  at  the 
present  time  no  mines  for  these  metals  are  being  worked  in  that 
county.  A  small  quantity  of  lead  was,  however,  still  annually 
obtained  in  the  Mendip  Hills  as  recently  as  1884  from  the  treat- 
ment of  ancient  slags  and  slimes,  some  of  which  are  believed  to  be 
residues  resulting  from  Roman  workings. 

Many  important  mines  of  spathose  iron  ore  have  been  opened 
in  the  Brendon  Hills  in  this  county,  and  have  been  worked  since 
the  year  1852  by  the  Ebbw  Vale  Iron  Company,  who  employed 
the  ores  obtained  from  them  for  the  manufacture  of  sj)iegeleisen. 
Although  this  ore  is  of  common  occurrence  in  many  parts  of  the 
Continent,  it  is  in  this  country  only  found  in  considerable  quantities 
in  the  following  localities,  namely,  in  Weardale  in  Durham,  where, 
associated  with  lead  and  zinc  ores,  it  forms  veins  in  the  Carboni- 
ferous limestone,  at  Perran  in  Cornwall,  at  Exmoor  in  Devon,  and 
in  the  Brendon  Hills  in  Somersetshire,  where  it  forms  a  chain  of 
irregular  lodes,  coursing  about  N.  55°  W. — S.  55°  E.,  and  dipping 
at  varying  degrees  but  averaging  about  45°  to  the  S.W.,  in  slaty 

^  Included  in  the  totals  of  white  arsenic. 
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rocks  of  Middle  Devonian  age.  The  system  of  veins  extends  over 
a  distance  somewhat  exceeding  j&ve  miles,  and  their  maximum 
aggregate  thickness  is  about  twenty-seven  feet.  The  ore  usually 
contains  from  13  to  14  per  cent,  of  protoxide  of  manganese,  and 
yields  spiegeleisen  of  good  quality,  containing  about  20  per  cent,  of 
manganese. 

The  range  known  as  the  Brendon  Hills  runs  nearly  E.  and  W., 
and  is  about  six  miles  south  of  that  portion  of  the  Bristol  Channel 
lying  between  Watchet  and  Minehead.  On  their  northern  side 
they  rise  somewhat  abruptly,  but  in  the  opposite  direction  their 
slope  is  much  more  gradual.  At  their  highest  point  they  reacli 
an  elevation  of  1,350  feet  above  the  sea-level,  and  the  slates,  which 
near  the  surface  are  grey  in  colour,  acquire  a  bluish-green  tint  in 
depth,  and  usually  dip  towards  the  south-east.  At  Treborough, 
two  miles  north  of  the  highest  point  of  the  range,  these  slates  have 
been  extensively  quarried  for  roofing  purposes.  Attention  was,  in 
modern  times,  first  directed  to  this  locality  by  evidences  of  exten- 
sive ancient  workings,  with  regard  to  the  age  of  some  of  which 
there  is  no  conclusive  evidence ;  a  coin  of  Domitian  was,  however, 
found  in  one  of  the  old  workings  at  Kennesome  Hill,  and  Roman 
coins  have  been  found  in  the  vicinity  of  the  old  workings  in  the 
Brendon  range.  A  wooden  shovel  and  a  turf  dam  were  also  found, 
in  1865,  at  the  bottom  of  one  of  the  ancient  workings  at  a  depth 
of  100  feet  below  the  surface  ;  this  dam  Avas  apparently  the  last 
of  a  series  extending  from  the  top  to  the  bottom,  and  by  means  of 
which  the  water  was  removed  by  dipping  from  one  to  another.^ . 

In  addition  to  iron  ores,  the  lodes  contain  quartz,  and  occasion- 
ally fragments  of  the  country  rock.  The  quartz,  which  most 
frequently  occupies  the  north  side  of  the  lodes,  is  not  much  inter- 
mixed with  the  ores,  but  more  frequently  assumes  the  form  of 
distinct  lenticular  masses.  Near  the  surface  the  carbonate  of  iron 
has  everywhere  been  converted  into  brown  haematite  by  the  action 
of  water  and  atmospheric  air.  The  annual  production  of  these 
mines  amounted  to  about  27,500  tons  in  1880,  after  having  ex- 
ceeded 40,000  tons  from  1873  to  1878,  but  since  1882,  in  which 
year  3G,000  tons  were  produced,  the  production  of  Somersetshire 
ore  fell  off  most  rapidly  ;  in  1883  it  was  only  4,400  tons  and  is  now 
practically  nil. 

The  Forest  of  Dean. — The  district  known  as  the  "  Forest 
of  Dean  "  is  situated  within  that  part  of  Gloucestershire  which  is 

^  Morgan  Morgan.s,  "The  Brendon  Hills  Spathose  Iron  Ores  and  Mines," 
Frocetdiu'js  of  South  Wcdes  Institute  of  Enyineers,  \\.  p.  78. 
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bounded  by  the  rivers  Severn  and  Wye.  This  was  probably  one 
of  the  first  seats  of  the  iron  trade  in  Great  Britain,  and  its  history 
is  consequently  of  exceptional  interest.  In  the  reign  of  Henry  the 
Second,  the  Forest  comprised  the  whole  of  the  land  lying  within  the 
above  boundaries,  but  by  successive  reductions  it  has  now  become 
curtailed  to  the  central  district,  occupying  the  area  lying  between 
Little  Dean  and  Christ  Church  on  the  east  and  west,  and  Eccleswall 
and  Bream  on  the  north  and  south. 

The  strata  of  this  district  assume  the  form  of  a  basin  of  which 
the  greatest  depression  is  near  the  centre ;  its  longer  axis  extends 
for  about  eleven  miles  from  N.  to  S.,  while  the  transverse  axis  in 
its  widest  part  ranges  about  seven  miles  from  E.  to  W.  The 
central  portion  of  this  area  consists  of  coal-measures,  which  are 
surrounded  by  a  belt  of  Carboniferous  limestone,  Avhich  is  itself 
bordered  by  Old  Red  Sandstone. 

That  the  Romans  carried  on  the  manufacture  of  iron  on  a 
large  scale,  and  for  a  lengthened  period,  in  the  Forest  of  Dean  is 
sufficiently  proved  by  coins  and  other  relics  of  that  people,  which 
have  been  found  under  heaps  of  slags,  which  were  once  so  abundant 
as  to  form  an  important  proportion  of  the  material  supplied  to  the 
local  iron  furnaces.  The  earliest  historical  records  respecting  this 
district  are  clearly  identified  with  its  iron  trade  ;  for  although  the 
pages  of  the  Domesday  Book  supply  no  definite  information  relative 
to  this  indvistry,  they  nevertheless  distinctly  allude  to  the  produc- 
tion of  iron  in  the  immediate  neighbourhood.  It  is  there  stated 
that  the  bolts  and  bars  required  by  the  ship-builders  of  the  Royal 
Navy  were  obtained  from  the  city  of  Gloucester,  and  there  can  be 
little  doubt  that  the  iron  was  produced  in  the  Forest  of  Dean. 
In  the  year  1140  the  Abbey  of  Flaxley  was  founded  by  Roger, 
eldest  son  of  the  Earl  of  Hereford,  by  whom  it  was  partially  en- 
dowed, and  by  whom  it  was  named  the  "  Abbey  of  St.  Mary  de 
Dene,"  its  site  being  at  that  time  included  within  the  precincts  of 
the  Forest.  The  institution  of  the  abbey  was  confirmed  by 
Henry  II.,  who  further  enriched  it  by  granting  to  the  monks  per- 
mission to  feed  their  cattle  and  hogs  in  the  Forest,  to  repair  their 
buildings  with  its  timber,  and  to  establish  iron  forges  within  its 
boundaries.  For  a  period  of  more  than  five  centuries  the  iron 
trade  established  by  the  monks  of  Flaxley  appears  to  have  been 
carried  on  in  almost  any  part  of  the  Forest  capable  of  furnishing 
the  requisite  ore  and  charcoal,  and  where  a  running  stream 
supplied  the  power  necessary  for  a  blast. 

The  mineral  district  of  the  Forest  of  Dean  is  remarkable  for  the 
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regularity  of  its  strata,  since  each  bed  exhibits  a  coutinuous  hne  of 
outcrop  around  the  whole  edge  of  the  basin,  with  a  uniformity 
without  example  in  any  other  locahty  in  this  country.  The  coal- 
measures  are  naturally  divided  into  three  series,  of  which  the  middle 
affords  the  greater  portion  of  the  large  supply  of  coal  now  furnished 
l)y  the  district.  The  strata  between  the  upper  and  middle  series 
consist  almost  exclusively  of  argillaceous  shales,  with,  here  and 
there,  thin  beds  of  sandstone.  Below  the  middle  coal-seams  the 
measures  undergo  a  decided  change,  and  instead  of  the  shales 
before  referred  to,  a  hai'd  sandstone  prevails,  and  continues, 
with  but  little  variation,  down  to  the  Coleford  High  Delf 
seam,  which  is  one  of  the  lowest  belonging  to  the  lower  coal 
series. 

The  Farewell  Rock  or  Millstone  Grit,  which  underlies  the  coal- 
measures  throughout  the  Forest  of  Dean,  contains,  in  its  lowest 
bed,  a  deposit  of  iron  ore  which,  to  a  small  extent,  is  worked  on 
its  eastern  outcrop  ;  but  the  extensive  deposits  of  ore,  which  from 
the  earliest  times  have  supplied  the  iron  of  Dean  Forest,  occur 
in  large  pockets  or  churns  in  the  upper  beds  of  the  Carboniferous 
limestone.  The  most  productive  of  these  beds  is  a  crystaUine 
limestone  locally  called  crys,  crease,  or  mi'ne  measures.  Such  chums 
often  contain  several  thousand  tons  of  brown  hjematite,  which 
is  for  the  most  part  soft  and  easily  worked,  but  which,  never- 
theless, varies  considerably  in  quality.  One  of  the  largest  chums 
measured  350  yards  long,  12  to  1-1  yards  high,  and  the  same 
in  breadth,  whilst  several  have  yielded  up  to  60,000  tons  of  ore.^ 

The  Black  Brush  ore  sometimes  contains  as  much  as  90  per 
cent,  of  peroxide  of  iron,  but  the  poorer  varieties  (kno-\vn  as  gray 
ore),  being  contaminated  by  an  admixture  of  clay  and  carbonate  of 
lime,  are  proportionately  less  rich  in  iron.  The  most  important 
workings  in  the  limestone  of  this  district  are  those  situated  on 
its  eastern  outcrop,  where  cavities  in  the  almost  perpendicular  beds 
are  filled  with  deposits  of  rich  ores  in  enormous  quantities.  On 
the  western  side  of  the  field,  where  the  strata  are  less  inchned 
than  those  on  the  other  side,  iron  mining  has  long  been  extensively 
carried  on.  All  the  most  successful  mines,  however,  are  found 
to  lie  to  the  dip  of  the  excavations  made  by  the  ancient  miners, 
who  had  frequently  penetrated  to  greater  depths  than  could  have 
been  expected  when  we  consider  the  means  at  their  disposal. 

In  accordance  with  the  general  practice  among  ancient  crafts- 
men, the  miners  of  Dean  Forest  were  associated  in  a  guild  or  trade 
1  .J.  D.  Kendall,  Tht  Iron  Ores  of  Great  Britain,  p.  130. 
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corporation,  and  their  prescriptive  rights  and  privileges  were 
guarded  with  extreme  jealousy  and  care.  For  admission  into  this 
guild  it  was  necessary  that  a  man  should  have  been  born  in  the 
hundred  of  St.  Bi'iavels,  and  should  have  worked  for  a  year  and 
a  day  in  either  a  coal  or  iron  mine  ;  he  was  then  entitled  to  be 
admitted  a  Free  Miner  of  the  Forest  of  Dean. 

The  original  laws  of  the  Order  of  Free  Miners  as  to  modes  of 
workinsf  and  the  extent  of  area  allowed  to  each  workman,  were 
only  applicable  to  very  shallow  workings.  Consequently,  in  j)ro- 
portion  as  the  demand  for  ore  and  coal  increased  and  more  expen- 
sive appliances  for  obtaining  them  from  greater  depths  became 
necessary,  the  rules  of  the  ancient  code  had,  from  time  to  time, 
to  be  relaxed  in  such  a  way  as  to  afford  opportunities  for  more 
extensive  workings  and  the  employment  of  larger  capitals.  This, 
however,  resulted  in  endless  dis23utes,  until,  under  the  Dean 
Forest  Mining  Act,  commissioners  were  appointed  to  assign 
boundaries  to  the  various  mineral  tracts,  and  to  arrange  the 
difficulties  which  the  old  Forest  laws  had  been  found  inadequate 
to  meet.  The  various  collieries  and  iron  mines  of  this  district 
are  now  held  under  awards  of  these  commissioners  made  in  the 
year  1841.  The  decade  from  1862  to  1872  seems  to  have  been 
the  period  in  which  the  iron  trade  of  the  Forest  of  Dean  was 
at  its  best,  with  an  annual  ouput  of  some  150,000  tons.  The 
annual  jDroduction  of  iron  ore  was  approximately  79,000  tons 
in  1882,  but  it  has  been  steadily  decreasing  till  in  1894  it  was 
only  27,750  tons,  valued  at  £10,000;  of  this  amount  the  Crown 
lands  produced  17,750  tons.^ 

Irox  Ores  of  the  Carboniferous  Limestone — Northern 
Counties. — The  principal  mass  of  the  iron-producing  Carboniferous 
limestone  of  the  northern  and  north  midland  counties  of  England 
emerges  from  beneath  the  coal-measures  of  the  counties  of  Durham 
and  Northumberland  in  the  east,  and  is  bounded  by  a  steep  ridge 
overlooking  the  Vale  of  Eden  on  the  west.  It  reaches  its  highest 
point  in  the  mountainous  range  of  Cross  Fell,  and  forms  a  tract  of 
moorland  country  which,  in  the  neighbourhood  of  Alston,  extends 
for  a  width  of  twenty-five  miles,  while  in  the  elevated  region  ad- 
joining the  Scottish  border  it  stretches  almost  completely  across 
the  island.-     After  an  interval  of  a  few  miles  the  same  formation 

1  For  information  relative  to  this  district  consult  The  Fortst  of  Dean,  by  Rev. 
G.  H.  Nicliolls,  1858;  also  Arnold  Thomas,  "The  Forest  of  Dean,"  Proceediny-i 
S.  Wales  Inst,  of  Engineers,  vi.  1870,  p.  200. 

^  W.  W.  Smj^th,  "The  Iron  Ores  of  Great  Britain,"  Memoirs  of  the  Geological 
Survey,  1856,  part  i.  p.  15. 
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ao-ain  rises  towards  the  west,  from  beneath  the  New  Red  Sand- 
stone  of  Penrith,  and  the  coal-measures  of  Workington  and 
Whitehaven,  and  forms  a  comparatively  narrow  belt  around  the 
older  slaty  rocks  of  the  Lake  district.  The  structure  of  the  high 
land,  on  which  are  situated  the  towns  of  Alston,  Hexham,  and 
Haltwhistle,  differs  materially  from  that  of  the  contemporaneous 
formations  occurring,  both  in  England  and  Wales,  further  south, 
which,  for  a  great  thickness,  consist  principally  of  almost  un- 
interrupted beds  of  limestone.  In  the  north,  on  the  contrary, 
the  actual  limestone  plays  a  comparatively  subordinate  part, 
and  alternates  with  strata  of  sandstone  and  shale,  locally  kno\vn 
as  hazle  and  plate.  In  some  of  these  bands  of  shale  are  found 
nodules  of  clay  ironstone,  of  which  the  aggregation  and  mode 
of  occurrence  exactly  resemble  those  of  similar  ores  in  the  coal- 
measures. 

The  majority  of  the  mineral  veins  of  the  vicinity  of  Alston, 
which  produce  the  lead  ore  for  which  that  district  is  celebrated, 
range  nearly  east  and  west,  and  intersect  the  whole  of  the  strata 
belonging    to    the    Carboniferous    limestone ;    they   are,    however, 
much   more   productive    in  certain  of  the  beds  than    in    others. 
Some  of  these  lead  veins  in  portions  of  their  course,  instead  of 
being   composed  of  the  usual  veinstones  accompanying  lead   ore, 
such   as  calcite,   fluor  spar,   &c.,  are   filled  with  brown  iron  ore. 
The  rich  lode  of  Rodderup  Fell,  known  as  the  Craig  Green  or 
Bracken    Syke    Vein,   in  the   "  Scar  Limestone,"  belongs  to  this 
class,  and  varies  from  sixteen  to  twenty  feet  in  width.     Certain  of 
the  lodes  in  the  vicinity  of  Alston,  producing  ore  of  this  kind, 
have  been  extensively  wrought.     Among  others  the  Manor  House 
Vein,  near   the  railway  station,  has   yielded   large   quantities   of 
brown  iron  ore  of  good  quality.     This  vein  is  about  twelve  feet  in 
width,  and  its  productiveness  is  increased  by  the  occurrence  of 
flats,  which,  at  distances  of  a  few  feet  apart,  penetrate  between  the 
bedding    of  the    limestone   which   constitutes   the    country   rock. 
Fig.  71  is  a  diagrammatic  sketch,  given  by  Smyth,  representing  a 
section  of  this  lode.     On  the    northern    shoulder  of   Cross  Fell, 
and  in  Weardale,  outcrops  of  similar  u'on  veins  occasionally  present 
themselves. 

In  the  eastern  part  of  this  region  spathose  iron  ores  make  their 
appearance  abundantly  in  the  lead  veins,  and  form  the  veinstone 
accompanying  galena,  for  which  the  mines  are  principally  wrought. 
At  the  mines  of  AUenheads  spathose  ore  occurs  both  in  regular 
veins    and    in   flats,   while   at   Stanhope   Burn  the   veins    are    so 
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charged  with  this  mineral  that  at  a  sjjot  where  several  of  them 
occur  in  close  jDroximity  to  one  another,  and  which  is  further 
enriched  by  the  interlacing  of  numerous  strings,  the  whole  surface 
has  been  removed  by  the  Weardale  Iron  Company,  and  the  rock 
taken  away  by  quarrying,  a  considerable  amount  of  lead  ore  being 
separated  during  the  operation.  In  many  places  in  this  district 
brown  peroxide  of  iron  is  frequently  mingled,  especially  near  the 
surface,  with  spathose  ore,  from  which  it  has  doubtless  been  derived. 
These  mines  are  now^  being  steadily  worked,  since  their  value  has 
been  recognised.  A  good  deal  of  ore,  locally  known  as  rider, 
had  been  left  standing  when  the  lodes  were  worked  for  lead 
exclusively,  but  has  since  been  got.  Weardale  iron  ore  is  either 
spathic  ore,  which  occurs  in  a  white  or  yellowish-gray  crystalline 
form,  called  lohite  ore  by  the  miners,  and  as  a  dark  gray,  almost 
black,  microcrystalline  mass,  feebly  magnetic,  called  locally  steel- 


FiG.  71. — Section  of  Manor  House  Lode. 

gray  ore,  or  else  brown  haematite,  which  is  obviously  a  product  of 
the  decomposition  of  the  former,  most  likely  in  situ  to  a  great 
extent,  by  meteoric  agencies.  Masses  of  white  ore  are  often  found 
embedded  in  the  brown  ore,  passing  gradually  into  it.  These  ore 
deposits  are  chiefly  developed  in  the  Great  Limestone,  and  in 
places  Avhere  this  is  traversed  by  two  series  of  fissures  crossing  each 
other,  extensive  Jlats  of  ore  are  often  developed,  as  for  instance  at 
Carrick  Mines,  where  a  series  of  flats  of  great  extent  and  some 
eighteen  feet  in  height  follow  the  course  of  a  narrow  vein  about 
eighteen  inches  wide,  running  nearly  east  and  west,  filled  with  white 
and  brown  ore,  and  occasionally  carrying  stones  of  galena.  In  the 
hazle  beneath,  this  vein  is  reduced  to  a  thread  only  two  inches 
wide.  The  ore  of  the  flats  passes  gradually  into  the  limestone 
walls,  and  there  is  little  doubt  that  it  has  been  formed  by 
metasomatic  action  on  the  latter  rock.  In  this  connection  it  is 
worth  noting  that,  wherever  the  limestone  strata  of  the  district  are 
traversed  by  metalliferous  veins,  not  only  is  spathic  ore  a  universal 
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ingredient  of  the  gangue,  but  it  has  also  been  found  that  the 
limestone  forming  the  walls  of  the  vein  contains  a  considerably 
higher  percentage  of  iron  than  does  the  same  stratum  of  rock  at  a 
distance  from  such  veins.  The  Weardale  Company  raised  in  189-i 
2,680  tons  of  iron  ore  yielding  30  per  cent,  of  metal  and  valued 
at  £1,000. 

The  red  haematite  from  the  vicinity  of  Whitehaven  in  Cum- 
berland, and  of  Furness  in  Lancashire,  is  a  very  valuable  ore, 
not  only  on  account  of  its  high  tenor  of  iron,  usually  50  per  cent. 
or  more,  but  also  because  of  the  very  low  proportion  of  phosphorus 
which  it  contains,  so  that  it  is  admirably  adapted  for  the  production 
of  pig  iron  for  steel-making.  This  ore  is  obtained  either  from 
Carboniferous  rocks  or  from  those  of  Silurian  age ;  practically, 
however,  it  is  almost  entirely  derived  from  the  former,  since  the 
deposits  in  the  Silurian  rocks  are  of  extremely  limited  extent. 
The  Carboniferous  limestone  series,  in  which  the  principal  deposits 
occur  in  both  districts,  consists  mainly,  as  before  stated,  of 
alternations  of  limestones  with  shales  and  sandstones. 

The  sandstones  and  shales  are  generally  very  thin,  often  not 
more  than  two  or  three  feet,  and  seldom  exceeding  twelve  feet,  in 
thickness.  On  the  other  hand,  the  limestone  occurs  in  enormous 
beds,  sometimes  exceeding  300  feet  in  thickness,  and  it  is  in  these 
thick  masses  of  Mountain  Limestone  that  the  hsematite  is  principally 
found.  The  ore  fills  fissures  and  lake-like  basins  in  this  rock 
sometimes  immediately  below  the  drift,  while  at  others  it  presents 
itself  in  an  irregular  form  deep  down  in  the  Carboniferous  lime- 
stone. It  is  found  in  ahnost  every  bed,  from  the  lowest,  resting  on 
the  Silurian,  to  the  highest,  forming  the  base  of  the  Grits  and 
Yoredale  rocks,  at  Whitehaven  and  Furness  respectively.  It  is 
evident,  therefore,  that  there  is  a  wide  difference  in  the -geological 
horizon  of  the  various  deposits.  In  consequence,  however,  of  the 
inclination  of  the  limestone  and  the  extent  to  Avhich  it  has  been 
denuded,  this  difference  of  geological  horizon  does  not  alwavs  affect 
the  actual  level  of  the  deposits,  and  many  of  them  occurring  in  the 
lower  beds  are  found  much  nearer  the  surface  than  those  in  the 
higher  ones. 

At  Whitehaven,  some  of  the  finest  deposits  of  iron  ore  occur 
in  the  upper  beds  of  limestone,  that  is,  in  those  Mug  immediately 
below  the  Grits.  At  Biffriffo-  Crowg-arth,  and  Parkside,  the  ore  is 
found  in  large,  irregular  masses  in  the  limestone  immediately 
under  the  Millstone  Grit,  one  of  the  beds  of  which  forms  in  each 
case  the  roof  of  the  deposit.     In  section  these  deposits  present  in 
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many  respects  the  apiDearance  of  a  bed,  since  they  follow  the  dip  of 
the  rocks  in  which  they  lie,  and  usually  preserve  a  tolerably  uniform 
thickness,  which  in  different  deposits  varies  from  four  to  above 
forty  feet.  The  roof  of  sandstone,  and  the  floor  of  limestone  are, 
in  some  cases,  parallel  for  very  considerable  distances ;  at  Parkside, 
for  instance,  the  roof  and  floor  remain  parallel  for  a  distance  of 
nearly  200  yards.  Fig.  72,  from  a  sketch  by  Mr.  J.  D.  Kendall, 
represents  a  vertical  section  of  that  deposit  taken  along  its  line 
of  dip.i 

This   affords    a   striking  example  of  the  way  in  which    such 
deposits  sometimes  vary  in  thickness.     To  the  left  of  a  the  depth 


Fig.  72. —  Parkside  iron  ore  deposit. 


of  the  ore  is  not  less  than  sixty-five  feet,  while  at  h,  only  a  short 
distance  from  it,  it  does  not  exceed  four  feet.  These  variations  in 
thickness  are  always  due  to  irregularities  in  the  limestone  floor, 
as  the  roof  invariably  forms  a  regular  even  plane  having  the  same 
general  dip  as  the  strata  surrounding  the  ore.  These  variations 
in  thickness  usually  take  place  in  the  direction  of  the  strike 
of  the  strata.  But  few  of  the  deposits  occurring  immediately 
under  the  Grits  are  found  to  be  at  any  great  distance  from  the 
upper  edge  of  those  rocks,  and  in  many  cases  the  ore  comes 
from  beneath  them  up  to  the  bottom  of  the  drift,  as  shown 
at  c.  Since,  however,  the  inclination  is  somewhat  great,  the 
deposit,  as  it  extends  towards  the  dip,  rapidly  becomes  covered 
by  a  considerable  thickness  of  rock.  The  superficial  extent  of 
these  deposits  is  sometimes  very  large,  that  at  Parkside  having  an 
area  of  eighteen  acres,  while  numerous  others  vary  in  size  from 
two  to  ten  acres. 

^  "  The  Haematite  Deposits  of  Whitehaven  and  Furness,"   Trans.  Manchester 
Geol.  Soc,  xiii.  1876,  p.  231. 
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In  Fiirness  one  deposit  only  has,  as  yet,  been  discovered  in  the 
highest  bed  of  Hmestone  lying  immediately  beneath  the  Yoredale 
rocks.  This  deposit  is  at  Stank,  and  was  discovered  in  searching 
for  coal. 

The  deposits  in  the  intermediate  beds  are  many  and  various. 
Some  of  them,  and  especially  those  in  Furness,  lie  immediately 
below  the  drift  in  basins  hollowed  in  the  limestone  similar  to 
those  which  occur  in  the  lower  beds.  Others,  and  particularly  at 
Whitehaven,  are  at  considerable  depths  in  the  limestone  enclosed 
in  irregular  caverns,  which  are  sometimes  at  a  depth  of  35  fathoms 
from  the  surface,  and  are  surrounded  by  limestone  on  all  sides. 
A  good  example  of  a  lake-like  deposit  is  seen,  Fig.  73,  at  the  open 
cutting  of  the  Crossfield  Iron  Company.     In  Furness  there  are  a 


^  C  a  rbon'i  fe  rous.Lv'm  estone\  V^  "* 
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Fig.  73. — Open  works ;  Crossfield  Iron  Company. 


great  number  of  shallow   basin-like    deposits,    all   those    in   that 
district,  with  but  few  exceptions,  belonging  to  this  class. 

The  deposits  in  the  lower  beds  of  limestone  resting  upon  the 
Silurian  rocks  are  among  the  finest  which  have  been  found  in  the 
Furness  district.  Amongst  these  may  be  mentioned  those  of  Park 
and  Lindal  Moor,  the  first  of  which  extends  over  an  area  of  fifteen 
acres,  and  at  one  point  has  been  proved  to  a  depth  exceeding  300 
feet.  The  deposit  of  Lindal  Moor  is  900  yards  in  length  and 
about  twenty-three  yards  wide.  One  or  two  very  fine  deposits  of 
haematite  occur  in  the  lower  limestone  beds  at  Whitehaven,  such 
as  those  at  Todholes  and  Woodend.  The  lower  deposits  usually 
occur  in  dishes  or  hollows  in  the  limestone  immediately  below  the 
drift,  and  in  close  proximity  to  rocks  of  Silurian  age.  Sometimes 
they  even  rest  upon  Carboniferous  limestone  on  one  side  and  upon 
Silurian  rocks  on  the  other,  as  shown  in  Fig.  74.  Both  the  Park 
and  Lindal  Moor  deposits  rest  partly  on  Silurian  rocks,  as  do  also 
those  of  Todholes  and  Woodend.  At  Martin,  in  Furness,  there  is  a 
deposit  of  this  class  which,  on  account  of  the  peculiar  circumstances 
under  which  it  occurs,  is  worked  as  an  open  quarry.     When  first 


250 


ORE    DEPOSITS 


PART  II 


discovered  the  ore  was  covered  by  about  thirty  feet  of  drift,  which 
has  since  been  removed,  thus  affording  an  opportunity  of  thoroughly 
examining  its  form  and  character.  It  lies  on  the  limestone,  by 
which  on  all  sides,  except  one,  it  is  surrounded.  Where  the  Hme- 
stone  is  absent  the  ore  rests  upon  the  underlying  slate,  which  rises 
at  a  high  angle  from  below  that  rock.  The  length  of  this  deposit 
is  about  260  feet,  and  its  width  200  feet,  while  the  greatest  depth 
to  which  it  has  yet  been  proved  is  somewhat  over  fifty  feet. 

Wherever  these  deposits  occur,  whether  just  below  the  Grit,  in 
the  middle  of  the  series,  or  down  upon  the  Silurian  slates,  their 


Fig.  74.  — Iron  ore  deposit  on  Carboniferous  limestone  and  Silurian  slate. 

longer  axis  almost  invariably  coincides  with  the  direction  of  the 
principal  joints  of  the  limestone  rock. 

At  Whitehaven  the  haematite  is  usually  of  a  dull  red  colour, 
and  occurs  in  hard  compact  masses  containing  numerous  irregular 
cavities,  which  are  frequently  lined  with  a  botryoidal  concretion 
generally  known  as  kidney  ore,  on  which  a  coating  of  specular  iron 
ore,  quartz,  and  calcite  is  sometimes  formed.  In  Furness  the  ©re, 
with  the  exception  of  that  worked  at  Lindal  Moor,  Stank,  and 
Askam,  differs  materially  from  that  at  W'hitehaven.  Instead  of  the 
hard  solid  masses  met  with  in  that  district,  the  Furness  ore  consists, 
to  a  large  extent,  of  loose  incoherent  material  composed  of  delicate 
filmy  scales  of  micaceous  iron,  soiling  the  fingers  when  touched, 
and  enclosing  fragments  of  more  compact  ore,  many  of  which 
have  a  concretionary  structure.  The  harder  haematite,  locally 
known  as  blast  ore,  is  entirely  employed  for  smelting  purjioses, 
while  the  softer  variety,  sometimes  known  as  smitty  ore,  is  much 
used  for  the  purpose  of  forming  the  bottoms  of  puddling  furnaces. 
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Some  of  the  harder  ores  of  the  Furness  district  exhibit  very  distinct 
lamination,  and  concretionary  nodules  of  haematite  are  met  with 
Avhich,  on  being  broken,  are  found  to  contain  a  nucleus  of  limestone. 
No  fossils  have  ever  been  found  in  the  soft  crystalline  ore  of 
Furness,  but  large  numbers,  all  belonging  to  the  Mountain  Lime- 
stone series,  occur  in  the  more  solid  ores  of  Lindal  Moor.  It  would 
appear  j)robable  that  the  hsematite  which  now  fills  the  basins  and 
hollows  of  the  Carboniferous  Limestone  was  originally  deposited 
in  the  form  of  carbonate  of  iron.  It  will  be  easy  to  conceive  that, 
on  a  solution  of  this  substance  in  water  containing  carbonic  acid 
comingc  iu  contact  with  limestone,  the  carbonate  of  iron  would  be 
deposited,  and  its  place  in  the  solution  occuiDied  by  carbonate  of 
lime.  When  the  carbonate  of  iron  had  been  thus  formed,  its 
change  into  hjBmatite  was  probably  effected  by  a  process  somewhat 
analogous  to  that  by  which  siderite  is  so  often  seen  to  become  con- 
verted into  brown  iron  ore.  That  a  portion  at  least  of  the  hsematite 
has  replaced  carbonate  of  lime  becomes  evident  from  the  fact  that 
numerous  fossils  of  the  Carboniferous  limestone  have  been  found 
in  the  ore,  and  that  some  of  them  have  only  been  partially  converted 
into  oxide  of  iron  {see  also  p.  176). 

It  is  somewhat  difficult  to  conceive  whence  the  iron  forming 
such  numerous  ferruginous  deposits  could  have  been  derived,  but 
Mr.  Kendall  suggests  the  coal-measures  as  the  probable  source 
from  which  this  metal  originally  came.  He  further  remarks  that 
it  is  well  known  that  the  sandstones  and  shales  belonging  to  this 
formation  contain  a  large  percentage  of  iron  ;  and  as  these  rocks  at 
one  time  probably  overlaid  the  Carboniferous  limestones  of  the 
hsematite-producing  districts,  he  thinks  it  not  improbable  that  a 
large  proportion  of  the  iron  in  the  limestones  may  be  the  result  of 
the  percolation  of  waters,  charged  with  carbonic  acid  gas,  through 
superincumbent  beds  which  have  been  since  removed  by 
denudation. 

In  1881,  the  production  of  red  haematite  in  Cumberland  was 
1,615,635  tons,  while  that  of  Lancashire  amounted  to  1,189,836 
tons.  The  largest  year's  work  in  Cumberland  was  in  1882,  when 
1,725,478  tons  were  produced.  The  production  has  declined 
slowly  and  irregularly  since  that  time,  and  amounted  in  1894  to 
1,286,590  tons  from  Cumberland,  estimated  to  yield  54  per  cent. 
of  metallic  iron,  and  valued  at  £698,457,  whilst  in  Lancashire  the 
output  was  870,500  tons,  estimated  to  yield  51  per  cent,  of  metal, 
and  valued  at  £372,576.  The  Furness  district,  like  Cumberland, 
seems  to  have  been  at  its  highest  point  of  productiveness  in  1882, 
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when  it  produced  1,408,693  tons  ;  it  decreased  steadily  and 
fell  below  the  million  in  1890,  and  seems  still  to  be  slowly 
falling. 

Ironstones  of  the  Coal-measures. — The  clay  ironstones 
of  the  coal-measures,  which  have  so  largely  contributed  to  the 
prosperity  of  the  iron  trade  of  this  country,  often  form  layers  of 
more  or  less  regular  nodules  enclosed  in  beds  of  shale  and  clay 
belonging  to  that  formation.  They  occasionally  coalesce  into 
beds,  which  are  seldom  of  any  considerable  extent  or  thick- 
ness. These  nodules  consist  essentially  of  carbonate  of  iron, 
associated  with  varying  proportions  of  the  carbonates  of  lime  and 
magnesia,  together  with  a  certain  amount  of  argillaceous  matter ; 
they  also  usually  contain  a  little  carbonate  of  manganese.  Such 
nodules  are  often  concretionary,  and  contain  fresh-water  shells, 
remains  of  fish,  fragments  of  jjlants,  and  other  fossils.  The 
concretions  are  sometimes  of  such  small  size  that  they  have 
received  the  name  of  |:»ms,  penny  stones,  and  other  similar  appella- 
tions ;  occasionally  they  are  large  spheroidal  masses  exceeding  a 
foot  in  diameter.  The  larger  nodules  are  frequently  divided  by 
irregular  cracks,  which  are  usually  filled  by  such  minerals  as 
calcite,  quartz,  iron  pyrites,  chalcopyrite,  blende,  and  galena. 
Millerite  or  sulphide  of  nickel  and  mineral  tallow  occur  together 
in  the  nodules  of  clay  ironstone  of  Glamorganshire.  When  re- 
cently broken,  nodules  of  ironstone  commonly  exhibit  a  light  gray 
or  bluish  tint,  which  on  exposure  to  the  atmosphere  rapidly 
becomes  brown  through  oxidation. 

Ores  of  this  character  almost  invariably  contain  phosphoric 
acid,  of  which  the  proportion  occasionally  exceeds  one  per  cent. 
Clay  ironstone  sometimes  exhibits  the  regular  structure  known  as 
cone  in  cone,  in  which  case  the  seam  has  a  tendency  to  divide  into 
cones,  the  bases  of  which  are  towards  the  top  and  bottom  of  the 
bed,  while  their  apices  are  directed  towards  the  centre.  The 
English  coal-fields  most  plentifully  supplied  with  ores  of  this  class 
are  those  of  Staffordshire,  Shropshire,  Yorkshire,  and  Derbyshire ; 
while  but  little  is  found  either  in  Northumberland,  Durham,  or 
Lancashire.  Clay  ironstones  are  worked  both  in  North  and  South 
Wales  and  in  Scotland.  They  are  sometimes  brought  to  the 
surface  through  the  pjt  employed  for  extracting  the  coal,  but  at 
others  they  are  obtained  by  entirely  independent  workings.  To 
give  the  names  only  of  all  the  numerous  localities  which  have  in 
this  country  furnished  clay  ironstone  from  the  coal-measures 
would  occupy  more  space  than  can  be  devoted  to  the  subject;  but 
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a  brief  notice  of  one  or  two  of  the  more  productive  localities  may, 
nevertheless,  not  be  out  of  place. 

In  the  northern  district  of  Yorkshire,  the  lower  series  of  the 
coal-measures  is  develojjed  to  an  extent  not  observable  in  the  south 
by  the  occurrence  of  beds  of  coal  and  ironstone  which  have  given 
rise  to  the  establishments  of  Low  Moor,  Brierley,  Bowling,  &c. , 
celebrated  for  the  production  of  the  best  iron  made  anywhere  in 
Great  Britain.  Coal-measure  ironstones  are  alone  employed  in 
this  district,  and  are  principally  derived  from  two  groups  of  strata, 
known  respectively  as  the  White-Bed  Mine  and  the  Black-Bed 
Mine ;  a  third,  called  the  Brown  Rake,  was  also  formerly  worked. 
The  ores  are  not  without  phosphorus,  and  neither  their  abundance 
nor  their  quality  can  have  materially  contributed  to  the  celebrity 
of  the  iron  produced.  This  superiority  appears  due  rather  to  the 
care  bestowed  on  every  stage  of  its  manufacture,  and  to  the  great 
purity  of  the  fuel  employed,  than  to  any  excellence  of  the  ore 
treated.  The  coal  used  is  obtained  from  the  seam  called  the 
"  Better-bed,"  which  lies  beneath  the  ironstone,  and  attains  a 
thickness  varying  from  one  foot  eight  inches  to  two  feet ;  it  differs 
from  ordinary  coal  in  its  remarkable  freedom  from  pyrites,  and  is 
exclusively  made  use  of  for  the  processes  of  refining,  jjuddling,  &c. 

An  average  section  of  the  measures  in  this  district  is  given  in 
the  following  table.^ 

/Top  flats. 
Low  flats. 
White-bed  Ironstone,  Brierley.  •]  White  balls. 

Middle  balls. 
iLow  measures. 
,Top  balls. 
Flat  stone. 
Black-bed  Ironstone,  Low  Moor.  |  Middle  balls. 

In  18  beds.  1  Rough  measure. 

I  Low  measure. 
Basset  stone. 

ft.     ill.        ft.     in. 

Roj'd's  or  Black-bed  coal 1     4   to   2    3 

Various  measures — 

Roof  of   coal,  black  shale,  with   numeroiis  fish  I'e-)  ,^5^,     ,j 

mains,  and  small  white  nodules  of  ironstone     .    .  / 

"  Better-bed "  coal 1     4   to   2    0 

"Floor"  of  indurated  clay,  with  small  scales  of  white 

mica. 

Various  measures 150    <) 

Flagstone  exported  for  London  pavement. 

The  upper  or  White  Bed  is  characterised  by  the  jjale  drab 
colour  of  the   majority  of  its  courses,  even  when  they  occur  in 

^  "  Ii-on  Ores  of  Great  Britain,"  Memoirs  of  the  Geological  Survey,  1856,  part  i. 
p.  32. 
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bands  of  dark  shale.  The  Black  Bed  exhibits  the  ordinary 
blackish-gray  tint  of  clay  ironstone,  and  occurs  in  detached  nodules 
of  varying  dimensions. 

In  South  Yorkshire,  extending  from  Parkgate  near  Rotherham 
to  Tankersley,  and  onward  to  the  west  of  Barnsley,  numerous 
outcrops  of  important  beds  of  ironstone  may  be  traced.  Whenever 
these  beds  came  to  within  a  short  distance  of  the  surface  they  were 
actively  worked  by  means  of  hell  pits,  which  are  small,  shallow 
shafts  numerously  distributed  at  regular  intervals  along  the  strike 
of  the  beds.  This  system  of  working,  in  conjunction  with  its 
frequently  accompanying  open  cuttings,  often  imparts  a  strange 
aspect  to  the  country.  The  pits  and  irregular  openings  thus  ex- 
tending over  considerable  areas,  render  them  totally  unfit  for 
cultivation,  and  these  old  workings  having  been  planted,  the  line 
of  outcrop  of  the  ironstone  is  often  distinctly  indicated  by  the 
belts  of  trees. 

The  more  important  of  the  ironstone  beds  worked  in  the  West 
Riding  are  comprehended  within  a  thickness  of  about  1,000  feet 
of  measures  extending  between  the  Barnsley  Thick  Coal  and  the 
Silkstone  ;  they  are  known  as  the  Swallow  Wood,  Lidgate,  Tan- 
kersley, Thorncliffe  Black  Mine,^  Thorncliffe  White  Mine,  and  Clay 
Wood  Mine. 

The  Derbyshire  coal-field  being  the  extension,  southward,  of 
that  of  Yorkshire,  many  of  the  same  seams  may  be  traced  con- 
tinuously over  a  large  area.  The  ironstone  beds,  however,  usually 
possess  less  persistency  of  character  than  the  coal-seams,  and  com- 
paratively few  of  them  continue  to  be  productive  throughout  the 
whole  length  of  the  county.  On  the  contrary,  many  of  the  seams 
of  nodular  ironstone,  locally  called  "  rakes,"  which  in  certain  districts 
are  extensively  worked,  are  found,  within  a  comparatively  short 
distance,  either  to  thin  out,  or  to  so  deteriorate  in  quality  as  to  be 
unworkable. 

The  total  thickness  of  the  Derbyshire  coal-measures  may  be 
taken  at  about  2,000  feet,  including  the  very  productive  seams  of 
the  Pender  Park,  Staveley,  and  the  Cement  Rake  and  Brown  Rake 
01  Alfreton  and  Butterley.  The  Dog-tooth  Rake  of  Chesterfield, 
24  feet  in  thickness,  is  one  of  the  most  important  in  this  field,  and 
is  remarkable  from  the  fact  that  one  or  more  of  its  beds  are  almost 
entirely  composed  of  fossilised  shells  of  Anthracosia.  This  shell, 
probably  of  several  species,  is  found  in  great  abundance  in  all  the 
upper  beds  of  ironstone.     In  some   of  the   lower  measures,  it  is 

^  In  the  iron  districts  the  word  mliik  is  often  used  as  sj'nonymous  with  ore. 


PART  II  ENGLAND  255 

either  less  numerous  or  is  altogether  wanting ;  among  the  very- 
lowest,  however,  it  again  appears. 

With  regard  to  the  prolongation  of  these  beds  southward,  much 

confusion  has  arisen  from  the  same  name  having  been  given  to  dis- 
cs o 

tinctly  different  beds,  yielding  ores  of  a  somewhat  similar  character. 
The  Three-quarter  Balls  form  a  very  productive  seam  below  the 
Furnace  Coal  at  Clay  Cross.  Many  of  the  lower  ironstones  contain, 
in  addition  to  bivalve  shells,  the  remains  of  various  coal  plants, 
which  frequently  form  the  surface  of  a  nodule,  and  have  become 
completely  convei'ted  into  iron  ore.  The  balls  of  ironstone  in  this 
neighbourhood  are  often  pierced  by  small  tubular  hollows  left 
by  rootlets  of  stigmaria,  which  are  sometimes  filled  with  blende. 
The  most  remarkable  of  all  the  ironstones  of  the  district  is  the 
Black  Shale  Rake,  which  is  nowhere  so  well  exposed  as  at  Hady, 
near  Chesterfield,  where  it  has  been  long  extensively  worked  for 
the  use  of  the  blast  furnaces  at  Staveley.  At  this  place  it  con- 
sists of  two  distinct  bands  of  gray  shale  respectively  15  and  21 
feet  in  thickness,  loaded  with  numerous  rows  of  ironstone  nodules, 
and  separated  from  one  another  by  12  feet  of  unproductive  shale. 
Among  the  ironstones  of  this  deposit,  the  "  cheeses  "  are  remarkable 
for  the  symmetrical  cracks  caused  by  contraction  ;  these  are  mostly 
filled  with  carbonate  of  lime,  containing  iron  and  magnesia,  but 
open  cavities  lined  with  crystals  of  blende  are  of  frequent  occur- 
rence. The  "  Old  Man "  and  "  Old  Woman "  are  compact  gray 
ironstones  with  a  somewhat  conchoidal  fracture  which  exhibit 
numerous  cracks,  and  these,  in  addition  to  impure  carbonate  of 
lime,  contain  well-defined  crystals  of  blende  and  galena.  Copper 
pyrites  and  iron  pyrites  sometimes  occur  in  the  same  way,  and  not 
uufrequently  occupy  the  hollows  left  around  the  casts  of  fossil 
shells.  The  upper  measures  of  the  Dale  Moor  Rake,  the  lowest 
known  in  the  Derbyshire  coal-field,  yield  an  ironstone  of  a  light 
drab  colour,  which  is  remarkable  for  the  number  of  plant  remains, 
particularly  rootlets  of  stigmaria,  w^hich  it  encloses.  The  "  Bottom 
Balls  "  are  especially  remarkable  for  containing  a  large  number  of 
entire  fishes,  usually  from  four  to  seven  inches  in  length,  belong- 
ing to  the  genera  Palmoniscus  and  Platysoriuts.  The  large  number 
of  courses  in  these  lower  ironstone  measures,  together  with  the 
great  thickness  of  the  shales  in  which  they  occur,  renders  it 
necessary  to  work  them  by  open  cuttings  on  a  very  large  scale. 

The  yield  of  ironstone  per  acre  must  necessarily  depend  on  the 
thickness  of  the  nodules  in  the  measures  and  the  closeness  and 
regularity  of  their  distribution.     The  Tankersley  Mine,  in  York- 
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shire,  a  bed  of  shale  about  six  feet  in  thickness,  contains  from 
twelve  to  fifteen  inches  of  ironstone,  and  yields,  on  an  average, 
2,000  tons  per  acre.  At  Parkgate  the  Old  Black  Mine,  11  inches 
thick,  yields  1,500  tons  per  acre,  while  the  Clay  Wood  Mine,  only 
five  and  a  half  inches  in  thickness,  produces  from  1,500  to  1,600 
tons  per  acre.  In  Derbyshire,  at  Butterley,  the  Brown  Rake, 
consisting  of  three  thin  measures  of  ironstone  in  a  band  of 
shale,  of  the  total  thickness  of  four  feet  six  inches,  yields  2,500 
tons  per  acre. 

The  Chesterfield  Black  Shale  Rake,  which  is  the  most  pro- 
ductive in  the  district,  consists  of  twenty  bands  of  ironstone 
nodules  varying  from  half  an  inch  to  two  and  a  half  inches  in 
thickness,  interspersed  through  about  thirty-seven  feet  of  shale. 
The  total  thickness  of  ironstone  is  about  twenty-eight  inches,  and 
this  affords  a  yield  varying  from  4,000  to  7,000  tons  per  acre. 

The  annual  production  of  coal-measure  ironstones  in  York- 
shire and  Derbyshire  was,  respectively,  about  330,000  and  60,000 
tons  in  1881.  The  largest  quantity  of  ironstone  of  this  class 
raised  in  any  one  county  is,  however,  obtained  from  Staffordshire, 
where  the  production  in  that  year  somewhat  exceeded  1,700,000 
tons.  There  has  been  a  continual  falling  off  in  the  output  of  these 
coal-measure  ores  for  many  years ;  in  1894,  Yorkshire  (east  and 
west)  produced  67,191  tons,  Derbyshire  8,481,  and  Staffordshire 
846,515  tons.  In  North  Staffordshire  blackband  ironstone  occurs 
in  beds  varying  from  four  to  nine  feet  in  thickness. 

Iron  Ores  of  Mesozoic  Age. — It  has  been  pointed  out  by 
Kendall  {loc.  cit.)  that  whereas  thirty  years  ago  the  bulk  of  British 
ores  was  derived  from  Palaeozoic  rocks  and  only  some  10  per  cent, 
from  the  Mesozoic,  the  latter  rocks  now  i^i'oduce  from  50  to  60 
per  cent,  of  the  output,  and  he  illustrates  this  change  by  the 
following  table : — 

Ores  raised  in  the  United  Kingdom. 

In  1855.  In  1890. 

Tons.  Tons. 

From  the  Mesozoic  rocks 1,044,384  9,060,169 

From  the  Carboniferous  formation — 

Carbonates  from  the  Coal-measures     .    .     7,848,635  2,414,017 

Hs^matite  from  the  Mountain  Limestone        630,225  2,424,960 

From  other  rocks 30,497  54,792 

9,553,741  13,953,938 


It  is  clear  from  these  figures  that  there  has  been  a  large  actual 
decrease  in  output  of  the  carbonates  from  the  coal-measures,  whilst 
there  has  been  an  important  increase  in  the  production  from  the 
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Mesozoic  rocks,  due  in  large  measure  to  the  development  of  the 
Cleveland  district.  The  marlstone  bed  forming  the  highest  portion 
of  the  Middle  Lias  series  is  often  ferruginous,  and  in  certain 
localities  constitutes  a  valuable  ironstone  ;  it  sometimes  attains  a 
thickness  of  over  twenty  feet.  In  many  respects  the  ore  resembles 
"that  from  the  Northampton  sands,  excepting  that,  instead  of  being 
sihceous,  it  is  somewhat  calcareous.  This  ore  has  been  worked  at 
Adderbury,  Steeple  Aston,  and  Fawler  near  Stonesfield,  Oxford- 
shire. 

Brown  haematites  of  a  somewhat  sandy  and  imj)ure  character 
■occur  in  the  Lias,  Oolite,  and  Lower  Greensand  formations,  and 
are  found  almost  continuously  from  the  northern  parts  of  Wiltshire 
to  the  Wolds  of  Yorkshire,  passing  through  Oxfordshire,  North- 
amptonshire, and  Lincolnshire.  This  ore  usually  presents  the 
appearance  of  a  brown  feiTuginous  oolitic  rock,  which  has  some- 
times a  greenish  tinge  when  freshly  broken.  The  most  important 
of  these  deposits  is  that  at  the  base  of  the  Inferior  Oolite  (zone  of 
Ammonites  murchisonice),  which  extends  from  the  neighboiu-hood 
of  Banbury  through  Northamptonshire.  These  ores,  although  of 
low  quality,  admit  of  being  raised  at  a  very  cheap  rate,  and 
besides  being  smelted  upon  the  spot,  are  largely  exported  to 
Staffordshire  and  South  Wales.  The  ferruginous  beds,  which 
usually  rest  directly  on  the  Upper  Lias  Clay,  are  the  equivalent 
of  the  Docjo-er  of  Yorkshire,  the  o-ood  ore  seldom  exceeding  from 
eight  to  ten  feet  in  thickness.  The  Northamptonshire  sand  is 
worked  for  iron  ore  at  Blisworth,  Duston,  Wellingborough,  Cog- 
genhoe,  Glendon,  Finedon,  Gayton,  Brixworth,  Woodford,  Islip,  &c., 
in  Northamptonshire,  at  Steeple  Aston  and  Heyford  in  Oxfordshire, 
and  at  Neville  Holt  in  Leicestershire.^ 

Although  the  larger  proportion  of  the  Northamptonshire  iron 
ores  are  essentially  hydrated  peroxides  of  iron  associated  with  sand, 
scales  of  mica,  and  sometimes  a  few  minute  spherules  of  magnetite, 
a  certain  amount  of  carbonate  of  iron  is  also  generally  jjresent. 
The  inner  portions  of  concretionary  masses  of  this  iron  ore  often 
consist,  for  the  most  part,  of  carbonate  of  iron,  while  the  outside 
is  entirely  composed  of  brown  haematite,  the  latter  having  evidently 
been  derived  from  the  former  through  the  action  of  atmospheric 
influences.  Analysis  shows  that  the  grayish  mineral  of  the 
Northamptonshire  ores  contains  from  60  to  80  per  cent,  of  car- 
bonate of  iron,  with  from  10  to  25  per  cent,  of  insoluble  matter 
chiefly  consisting  of  sand  and  siliceous  ooHtic  concretions.     Besides 

'-  H.  Bauennan,  Metallurgy  of  Iron,  1882,  p.  89. 
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these,  but  existing  in  smaller  j^roportions,  are  the  carbonates  of 
lime  and  magnesia,  with  carbonaceous  matter,  water,  sulphur  and 
phosphoric  acid.  The  last  of  these  bodies  is,  unfortunately  for  the 
value  of  the  ore,  invariably  present,  and  frequently  in  considerable 
quantity. 

Mr.  S.  Sharp  has  noted  the  following  divisions  of  the  beds  in 
the  Northampton  district —  ^ 

Feet. 
4. — White  or  gray  sand  and  sandstone,  sometimes 
quarried  as  building-stone,  containing  a 

plant-bed 12 

3. — Thin  ferruginous  sandstone  and  shelly  ferru- 
ginous beds,  very  variable,  being  sometimes 
entirely  calcareous,  at  others  consisting  of 

white  sand  and  sandstone 30 

2. — Coarse  oolitic  limestone 4 

1. — Ironstone  beds  eontSbiniTa g  By nchooiella  varia- 
bilis, B.  cynoc&pliala,  Ammonites  Mfrons,  &c.     .     35 
Upper  Lias  clay. 

At  Banbury  the  beds  are  only  twelve  feet  in  thickness. 

The  Northamptonshire  sands  include  the  lower  estuarine  series 
of  Professor  Judd,  which  comprehends  the  brown  and  white  sands 
with  argillaceous  beds  and  plant-remains  occurring  above  the 
fossiliferous  beds  of  ironstone.  It  would  appear  from  the  investi- 
gations of  this  geologist  that,  although  in  the  southern  part  of 
Oxfordshire  and  in  South  Northamptonshire  the  Northampton 
sands  are  the  equivalent  of  the  lower  zone  of  the  Great  Oolite 
and  of  part  of  the  Inferior  Oolite,  in  the  northern  part  of  North- 
amptonshire and  in  Lincolnshire  they  include  the  lower  estuarine 
series,  and  occur  beneath  the  Collyweston  slates  and  Lincolnshire 
limestone  of  the  Lower  Oolite.  In  Wiltshire  the  same  ore  occurs 
in  the  Coral  Rag,  and  in  Buckinghamshire  in  the  Lower  Green- 
sand.  In  the  latter  locality  the  bed  is  not  continuous,  but 
nodular  masses  of  limonite  are  scattered  through  a  stratum  of 
brown  sand  about  fifty  feet  in  thickness.  The  nodules  of  ironstone 
are  frequently  hollow  and  enclose  loose  white  sand.  After  a  care- 
ful study  of  the  district,  Professor  Judd  has  arrived  at  the  follow- 
ing conclusions  relative  to  the  origin  of  the  sands  and  iron  ores  of 
Northamptonshire  :  - 

1  "The  Oolites  of  Northamptonshire,"  Quart.  Jour.  Geol.  Soc.  xxvi.  1870, 
p.  354. 

2  "Geology  of  Rutland,"'  Me)Ji.  Geol.  Survey,  1875,  p.  136. 
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"  We  find  in  what  is  now  the  midland  district  of  England,  and 
at  a  period  separated  by  a  long  interval  of  time  from  that  of  the 
last  deposit  in  the  area,  the  Upper  Lias  clay,  that  a  number  of  con- 
siderable rivers,  flowing  through  the  Palaeozoic  district  lying  to  the 
north-west,  formed  a  great  delta.  Within  the  area  of  this  delta  the 
usual  alternations  of  marine,  brackish  water,  and  terrestrial  con- 
ditions occurred,  and  more  or  less  irregular  accumulations  of  sand  or 
mud  in  strata  of  small  horizontal  extent  took  place.  Subsequently, 
and  probably  in  consequence  of  the  gradual  depression  of  the  area, 
the  conditions  were  changed,  and  in  an  open  sea  of  no  great  depth, 
by  the  abundant  growth  of  coral  reefs  and  the  accumulation  of 
dead-shell  banks,  during  enormous  periods  of  time,  the  materials 
of  the  great  deposits  of  the  Lincolnshire  Oolite  limestone  were 
formed.  On  a  re-elevation  of  the  area  the  former  estuarine 
conditions  were  also  reproduced,  and  similar  deposits,  but  of  an 
argillaceous  rather  than  an  arenaceous  character,  were  formed. 
Confining  our  attention  to  the  earlier  of  these  two  estuarine  series, 
that  of  the  Northampton  sand,  we  must  imagine  the  beds  as  being- 
carried  down  to  great  depths  in  the  earth  by  the  deposition  uj)on 
them  of  the  superincumbent  strata.  But  at  the  same  time 
another  most  important  cause  has  come  into  operation,  namely, 
the  passage  through  some  portions  of  the  rock  of  subterranean 
water  containing  carbonate  of  iron  in  solution.  By  this  agent, 
carbonate  of  iron  was  deposited  in  the  substance  of  the  rock, 
while  portions  of  the  siliceous  and  other  materials  were  dissolved  ; 
and  these  entering  into  new  combinations,  were  in  part  re-deposited 
in  the  mass  of  the  rock  in  the  form  of  oolitic  grains,  and  in  part, 
probably,  carried  away  in  solution.  During  the  existence  of  the 
beds  under  a  great  pressure  of  overlying  rocks,  they  would  like- 
wise become  consolidated  and  jointed.  These  metamorphic 
processes  would  probably  take  place  with  extreme  slowness  and 
may  possibly  be  still  going  on,  where  the  rock  remains  deep  seated 
in  the  earth ;  by  their  means,  portions,  greater  or  less,  of  the  sandy 
strata,  but  always  those  resting  immediately  on  the  impervious 
Upper  Lias  clay,  would  be  gradually  converted  into  solid  and 
jointed  rock  beds,  composed  principally  of  carbonate  of  iron.  The 
next  stage  in  the  course  of  alteration  in  these  rocks  would 
commence  when,  by  the  action  of  denudation,  portions  of  them 
were  brought  again  near  the  surface  so  as  to  be  traversed  by  the 
atmospheric  waters  entering  them  as  rain,  and  passing  away  from 
them  as  springs.  The  action  of  this  water  is,  as  we  have  seen,  to 
remove  the  carbonic  acid  and  soluble  salts,  to  change  the  protoxide 

s  2 
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of  iron  into  hydrated  peroxide  and  to  re-distribute  it  in  such  a  manner 
as  to  produce  the  remarkable  cellular  structure  of  the  rock,  and 
also  the  mamillated,  botryoidal,  and  sculptured  surfaces.  Finally, 
by  mechanical,  as  distinguished  from  chemical,  sub-aerial  denud- 
ation, the  beds  of  Northamptonshire  iron  ore  nearest  the  surface 
were  disintegrated  and  broken  up,  and  the  softer  and  less  ferruginous 
portions  to  some  extent  carried  away  in  suspension,  and  thus 
deposits  composed  of  the  harder  and  denser  materials  formed, 
constituting  the  bed  usually  worked  as  an  iron  ore." 

The  history  of  the  working  of  the  ores  from  the  Oolite  of  the 
Midland  district  is  a  somewhat  remarkable  one.  There  is  evidence 
that  as  long  ago  as  the  Roman  occupation  of  the  country  these 
beds  of  iron  ore  were  extensively  worked,  since  in  a  wood  near 
Oundle  heaps  of  broken  ore,  piles  of  the  same  ore  after  calcination, 
and  very  large  quantities  of  slag  are  found  associated  with  Roman 
coins  and  pottery.  It  is  further  known,  from  existing  documents, 
that  during  later  times  Rockingham  Forest  vied  with  the  Weald 
of  Kent  and  Sussex  as  an  iron-producing  district.  In  both  these 
areas  the  presence  of  beds  of  iron  ore  in  the  close  proximity  of 
an  almost  unlimited  supply  of  timber  had,  at  an  early  date,  led  to 
the  erection  of  numerous  forges  of  the  kind  then  employed  for 
the  manufacture  of  iron.  Throughout  nearly  the  whole  of  the 
Northamptonshire  district  large  accumulations  of  rich  iron  slags 
are  still  met  with.  They  are  dark  in  colour,  very  heavy  and 
compact,  and  apparently  contain  a  large  proportion  of  the  iron 
originally  present  in  the  ores  treated. 

The  re-introduction  of  the  Northamptonshire  ore  into  the 
iron  trade  is  of  comparatively  recent  date,  and  is  principally  due 
to  the  exertions  of  Mr.  S.  H.  Blackwell,  of  Dudley.  In  the 
year  1851,  Dr.  Percy  directed  the  attention  of  this  gentleman  to 
a  specimen  of  iron  ore  which  he  had  received  from  the  district  in 
question.  Mr.  Blackwell  thereupon  inspected  the  locality,  and  his 
investigations  resulted  in  the  discovery  of  an  extensive  deposit 
of  ore,  the  importance  of  which  to  the  iron  trade  of  the  present 
day  is  very  great. 

In  Lincolnshire,  iron  ore  occurs  in  the  Lower  Lias  limestones 
and  shales  characterised  by  a  great  abundance  of  Gryphma  arcuata. 
The  ironstone  bed,  which  is  27  feet  in  thickness,  is  worked  at 
Scunthorpe  and  Froddingham  in  the  northern  part  of  the  county. 
Two  beds  of  ironstone,  measuring  respectively  four  and  eight  feet  in 
thickness,  are  met  with  in  North  Lincolnshire,  and  are  probably 
the  equivalent  of  some  of  the  Cleveland  ironstones.     The  Marl- 
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stone  rock  yields  a  good  ironstone  in  some  parts  of  South  Lincoln- 
shire, and  evidence  still  exists  of  its  having  been  formerly  worked. 
The  Northampton-sand  ores  were  in  former  times  extensively 
dug  in  South  Lincolnshire,  but  at  the  present  time  no  workings 
in  this  formation  are  being  anywhere  carried  on  within  the  limits 
of  the  county. 

The  L'onstone  Junction  Bed  at  the  base  of  the  Upper  Estuarine 
series,  the  equivalent  of  the  Stonesfield  Slate  of  the  South  of 
England,  is  a  band  of  good  ironstone  about  a  foot  in  thickness, 
which  has  been  worked  at  various  times,  although  not  recently. 
A.  few  years  since  a  considerable  amount  of  ironstone  in  the  form 
of  balls  was  obtained  from  the  Great  Oolite  clay  at  Overton, 
near  Peterborough,  but  the  workings  have  been  abandoned  in 
consequence  of  the  large  amount  of  waste  material  it  was  found 
necessary  to  remove. 

In  the  beds  of  the  Tealby  series,  Middle  Neocomian,  is  found  a 
brown  oolitic  ironstone  in  a  bed  averaging  nearly  six  and  a  half 
feet  in  thickness ;  this  ore  closely  resembles  that  worked  near 
Salzgitter  in  Hanover,  and  is  of  the  same  geological  age.  Fossils 
are  extremely  numerous  in  this  deposit,  and  the  ore,  which  is 
highly  calcareous,  contains  from  28  to  33  per  cent,  of  iron.  It 
is  much  used  for  mixing  with  certain  clay  ironstones  from 
Yorkshire. 

The  Upper  Sandstone  Shale  and  Coal  of  Professor  John  Phillips, 
probably  of  the  age  of  the  Great  Oolite,  contains,  in  Yorkshire, 
bands  of  ironstone  in  nodules,  some  of  which  have  been  formerly 
worked.  The  Lower  Sandstone  Shale  and  Coal  of  the  same 
author,  equivalent  to  the  upper  part  of  the  Inferior  Oolite,  also 
contains  similar  nodules. 

The  celebrated  ironstone  of  Cleveland  occurs  in  the  Middle 
Lias,  and  is  divided  by  bands  of  shale  and  pyrites  into  several 
beds.  Where  best  developed  it  has  a  total  thickness  of  above 
twenty  feet,  the  two  principal  beds  being  known  respectively  as 
the  Fecfen  and  Avicida  seams,  from  the  prevalence  in  them  of 
fossil  shells  belonging'  to  the  same  genera.  There  can  be  little 
doubt  that  the  ore  bed  has  been  formed  by  metasomatic  replace- 
ment of  a  bed  of  limestone. 

The  usual  colour  of  the  ore  is  a  dull  bluish-green,  arising  from 
the  presence  of  silicate  of  iron ;  its  structure  is  oolitic  with  numerous 
interspersed  fossils.  As  raised  from  the  mine  these  ores  contain 
from  29  to  32  per  cent,  of  iron,  and  the  beds  worked  extend, 
inland,  from  Kedcar  to  Eston   near  Middlesbrough  on  Tees.     At 
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Eston  the  main  bed  attains  its  greatest  thickness,  presenting 
in  some  places  a  section  of  nearly  twenty  feet  of  undivided  iron- 
stone. From  Eston  the  bed  gradually,  but  slowly,  thins  off  towards 
the  south-east,  but  in  the  opposite  direction  this  takes  place  more 
rapidly.  The  whole  of  the  workable  Cleveland  ironstone  is  in  the 
highest  part  of  the  Middle  Lias,  the  yield  per  acre  varying  from 
20,000  to  50,000  tons. 

The  upper  seam  is,  as  a  rule,  too  siliceous  to  be  worth  working ; 
about  th6  only  place  where  it  has  been  worked  regularly  is  at 
Rosedale  Abbey.  Practically  the  whole  of  the  ore  known  as 
Cleveland  ironstone  is  derived  from  the  lower  or  main  seam. 
Though  its  thickness,  as  stated  above,  is  nearly  twenty  feet  at 
Eston,  its  average  thickness  is  from  eight  to  ten  feet^  (9ft.  Gin.  in 
the  Lumpsey  mines)  in  the  northern  part  of  the  bed  in  the  neigh- 
bourhood of  Saltburn,  at  which  place  the  seam  is  some  ninety-four 
fathoms  below  the  surface  and  some  fifty  below  sea  level.  There 
is  here  a  thin  parting  in  the  seam  which  becomes  thicker  on  going 
south  till  it  is  thirty-one  feet  thick  in  the  valley  of  the  Esk.-  The 
following  is  the  average  composition  of  Cleveland  ore  as  given  by 
Sir  Lowthian  Bell : — 

Per  cent. 

Iron  protoxide 39  "92 

Iron  peroxide ^ 3"60 

Manganese  protoxide 0"95 

Alumina 7 '86 

Lime 7'44 

Magnesia .  3"82 

Carbonic  acid 22"85 

Phosphoric  acid 1  '86 

Insoluble  matter,  &c 4  "58 

Silica  soluble  in  acid 7 '12 


100-00 


The  "  Dogger  "  includes  the  lower  part  of  the  Inferior  Oolite 
and  the  sands  below  it;  and  in  some  places,  as  at  Rosedale, 
these  form  a  rich  iron  ore.  This  ironstone,  which  is  magnetic  and 
polar,  sometimes  contains  as  much  as  50  per  cent,  of  iron,  and 
has  a  greenish,  blue,  or  black  colour,  with  the  imperfect  oolitic 
structure  observable  in  unweathered  specimens  of  Northampton- 
sand  ore. 

The  production  of  iron  ore  in  the  Cleveland  district  during  the 
year  1881  amounted  to  6,538,471  tons. 

1  A.  L.  Steavenson,  "The  last  twenty  years  in  the  Cleveland  Mining  District,"' 
Journal  Iron  and  Steel  Inst,  xliv.,  1893. 

2  Sir  Lowthian  Bell,  "  On  the  American  Iron  Trade,"  ibid.  1890,  p.  119. 
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That  of  Northamptonshire  Avas  l,2T0,o-}-4  tous ;  of  Lincolnshh-e, 
1,021,506  tons  ;  of  Wiltshire,  39,222  tons ;  and  of  Oxfordshire 
•8,614  tons. 

The  production  was  as  follows  in  the  years  1890  and  ISOi  : — 

ISOO.  1S04 

Tons.  Tous. 

Cleveland •   .    .    .    .    5,617,573  5,048,966 

Northamptonshire 1,278,381  1,130,773 

Lincolnshire 1,052,409  1,554,286 

Wiltshire     \      j^3  339  155,407  ^ 

(JxiorclshireJ  ' 

Leicestershire 968,479  568,026 

Shropshire. — Shelve,  a  remote  parish  in  the  western  jDart 
■of  Shropshire,  is  situated  in  the  centre  of  a  tract  of  country 
where  Silurian  strata  of  Llandeilo  age  are  prominently  developed. 
Although  the  stratified  rocks  in  the  district  around  Shelve 
principally  belong  to  the  Llandeilo  formation,  they  are  to  some 
extent  surrounded  by  a  fringe  of  Upper  Llandovery  and  Wenlock 
deposits,  which  repose  unconforraably  upon  them.  On  the  east, 
the  Llandeilo  and  the  Lingula  Flags  rest  on  the  Cambrian  strata 
of  the  Longmynd  range  .^ 

The  strata  of  the  Lower  Llandeilo  series  are  of  a  very  uniform 
character,  consisting  of  fine-grained  shales  which  vary  considerably 
in  hardness,  but  which  never  present  any  indication  of  slaty 
cleavage.  When  first  brouoht  to  the  surface  out  of  the  mines 
the  fracture  of  this  rock  exhibits  a  massive  slaty  character,  but 
after  being  for  some  time  exposed  to  the  action  of  the  atmosphere, 
it  splits  along  its  planes  of  bedding,  and  assumes  the  appearance 
of  a  shale.  At  the  surface  is  principally  a  soft,  splintery  shale, 
but  in  the  vicinity  of  the  numerous  greenstone  dykes  it  frequently 
becomes  a  hard  slaty  rock.  Generally  speaking,  the  strata  are 
nearly  black,  although  shales  of  a  light  shade  occur  with  less 
frequency;  while  in  certain  localities  thick  flagstones  are  in- 
terstratified  with  the  other  rocks.  The  lead  veins  of  the  Shelve 
district  have  probably  been  Avorked,  at  various  intervals,  from  a 
period  shortly  after  the  Roman  occupation  of  Britain,  as  the 
discovery  of  pigs  of  lead  bearing  the  inscription  of  Imp.  Hadriani 
Aug.  shows  that,  at  the  Roman  Gravels  Mine,  ore  was  being  raised 
and  smelted  early  in  the  second  century  of  the  Christian  era. 
The  only  extensive  ancient  excavations  are  those  at  the  Roman 
Gravels  Mine,  which  still  continues  to  be  the  most  productive  in 

■*  Including  Paitlandshire  and  Somersetshire. 

-  G.  H.  Norton,  "The  Geologj'  and  Mineral  Veins  of  the  Country  around 
Shelve,  Shropshire,"  Pror.  Licerpool  GtoL  Soc.  September,  1869. 
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the  district.  These  openings  originally  consisted  of  three  cuttings 
followino-  the  course  of  the  Sawpit,  Roman,  and  Second  North 
Veins,  and  extending  in  the  form  of  furrows  up  the  hill  side  and 
over  its  crest.  Those  on  the  outci-ops  of  the  two  first  named  veins 
are  still  distinctly  traceable,  but  that  on  the  Roman  Vein  is  by 
far  the  most  important  excavation.  In  its  present  condition,  this 
presents  the  appearance  of  a  deep  trench  extending  up  the  side 
of  the  hill,  continued  over  the  top,  and,  finally,  ending  in  a  series 
of  shaft-like  openings,  of  which  the  mouths  have  generally  fallen 
too^ether.  At  the  end  of  the  main  opening,  which  is  about  100 
fathoms  in  length,  the  lode  has  been  followed  underground,  and  its 
contents  worked  out.  The  width  of  the  vein,  where  it  is  visible, 
is  from  two  to  six  feet,  and  the  open  workings  on  the  back  vary 
from  twenty-five  to  fifty  feet  in  depth.  Lower  down  in  the  mine 
the  width  of  the  lode  varies  from  six  inches  to  ten  feet.  Immediately 
beneath  the  point  at  which  the  ancient  miners  finally  suspended 
their  operations,  a  large  mass  of  galena  was  found. 

There  are  five  different  lodes  at  this  mine,  all  of  w^hich  are 
comprehended  within  a  sti'ip  of  ground  not  exceeding  370  yards 
in  width;  these  are  named,  respectively,  the  Spring,  Sawpit, 
Roman,  First  North,  and  Second  North  Veins.  The  Second 
North  and  Roman  Veins  run  nearly  parallel  to  one  another ; 
both  having  a  direction  N.  of  W.  and  S.  of  E.,  with  a  dip  towards 
the  N.E.  The  First  North,  the  Sawpit,  and  the  Spring  Veins 
are  also  nearly  parallel,  but  take  a  more  westerly  course.  The 
First  North  Vein  has  a  S.W.  dip,  while  that  of  the  other  two 
is  in  a  contrary  du'ection.  Both  the  Sawpit  and  Spring  Veins 
are  intersected  at  a  small  angle  by  the  Roman  Vein.  The 
lodes  are  to  a  large  extent  composed  of  calcite  with  a  certain 
amount  of  quartz,  and  in  addition  to  galena  they  contain  blende 
and  iron  pyrites  ;  but  few  druses  are  found  in  them,  and  well 
crystallised  minerals  are  of  rare  occurrence.  At  the  Oven  Pipe 
Mine  in  this  district  the  lode  sometimes  contains  small  cavities 
enclosing  bitumen. 

The  Roman  Vein  was  by  far  the  most  important,  and,  in 
modern  times,  has  yielded  fully  seven-eighths  of  all  the  ore  which 
has  been  raised  from  the  mines.  It  was  quite  recently  still  pro- 
ducing a  considerable  quantity  of  lead  at  the  depth  of  100  fathoms 
below  the  surface.  None  of  the  veins  have  ever  been  worked  more 
than  a  few  fathoms  beyond  the  road  leading  from  Bishop's  Castle 
to  Minsterly,  as  the  strata  there  change  from  a  hard  slaty  rock 
into  a  soft  shale,  in  which  they  die  out.     A  dyke  of  eruptive  rock 
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traverses  the  Roman  Vein  and  hardens  the  rock  in  its  vicinity. 
This  vein  has  been  followed  in  a  south-easterly  direction,  and  was 
lost  in  soft  shales  as  at  the  other  extremity. 

During  the  year  1881  the  Roman  Gravels  Mine  produced  2,921 
tons  of  lead  ore,  of  the  value  of  £28,109;  its  production  has,  how- 
ever, diminished  terribly  since  then ;  in  1894  it  was  only  returned 
at  eight  tons,  valued  at  £50.  In  the  same  year  it  produced, 
however,  over  100  tons  of  zinc  ore,  valued  at  £400. 

Next  after  the  Roman  Gravels,  the  most  important  mine  of  the 
Shelve  district  is  Snailbeach.  This,  which  is  a  very  old  working, 
situated  to  the  north  of  the  Gravels  Mine,  has  been  wrought  for 
a  long  period,  and,  after  having  been  with  the  Bog  Mine,  now 
abandoned,  the  richest  in  the  neighbourhood,  still  yields  a  con- 
siderable annual  return  of  lead,  and  is  now  in  1895  the  leading- 
mine  of  the  district. 

The  workings  are  exclusively  confined  to  one  large  lode,^ 
although  the  existence  of  another  to  the  south  of  it,  and  conse- 
quently called  the  "South  Lode,"  has  been  satisfactorily  established. 
The  country  rock  is  a  hard,  quartzose,  slightly  micaceous  schist,  of 
a  greenish-gray  colour,  and  of  Llandeilo  age,  which  dips  W.N.W. 
at  an  angle  of  60°,  conformably  with  the  Stiperstones ;  the  strike 
of  the  bedding  ranges  N.  of  E.  and  S.  of  W.,  parallel  with  the 
Longmynd  system.  In  the  western  part  of  the  mine  there  are 
alternations  of  soft  shale  with  the  harder  rocks. 

The  average  bearing  of  the  lode  is  nearly  true  E.  and  W., 
but  for  short  distances  it  varies  considerably  from  this  course.  -  It 
crops  out  in  the  side  of  a  hill  facing  the  north,  under  which  it  dips 
with  a  tolerably  regular  underlie  of  two  feet  in  a  fathom  ;  its 
richest  portions  usually  bearing  nearly  E.  and  W.  The  levels 
on  the  course  of  the  lode  are  fifteen  fathoms  apart,  and  are  con- 
nected with  a  shaft  about  200  fathoms  in  depth  by  cross-cuts.  In 
length  the  workings  have  been  extended  400  fathoms  east  and 
200  fathoms  west  of  the  shaft. 

The  line  of  junction  between  the  lode  and  the  bedding  of  the 
strata  dips  west  at  an  angle  varying  from  45°  to  55°  with  the 
horizon ;  this  is  precisely  the  dip  of  the  shoots  of  ore,  which  are 
remarkable  for  their  regularity.  A  section  showing  the  general 
arrangement  of  the  shoots  of  ore  in  this  lode  is  given  in  Fig.  43, 
page  94.  Six  principal  shoots  of  ore  have  been  discovered  at 
Snailbeach,  and  at  a  point  west  of  the  shaft  the  ore  was,  in  one 
level,  as  much  as  75  fathoms  in  length  ;  still  further  west,  the 
alternations  of  soft   shale  with  micaceous  schist  corresiDond  with 
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the  complete  impoverishment  of  the  lode,  which  becomes  of  no 
value  in  these  soft  bauds.  In  its  richer  portions  its  width  some- 
times reaches  ten  feet,  but  when  passing  through  shale  it  is 
usually  very  small  as  well  as  unproductive. 

The  principal  constituents  filling  the  vein  fissure  are  calcite, 
which  is  often  well  crystallised,  and  forms  a  large  jDortion  of  the 
veinstone,  quartz,  which  is  not  of  common  occurrence,  and  is 
chiefly  found  where  the  vein  is  enclosed  in  a  hard  siliceous  rock, 
and  fragments  of  country  rock,  which  are  often  enclosed  in  the  vein. 
Its  metalliferous  constituents  are  galena,  both  fine-grained  and  in 
large  facets,  both  varieties  being  poor  in  silver,  blende  of  two 
kinds,  one  compact  with  a  brown  colour,  and  the  other  fibrous,  and 
of  a  yellow^ish  hue,  together  with  ordinary  iron  pyrites.  Bitu- 
minous matter  has  been  found  in  small  nests  in  the  Snailbeach 
lode,  and  the  same  substance  abounds  in  a  vein,  which  was  worked 
some  seventy  years  ago,  near  Pontesbury.  At  Snailbeach  the  lode 
even  in  its  richest  parts  affords  but  a  small  proportion  of  massive 
ore,  and  consequently  nearly  the  whole  of  the  lead-producing 
material  brought  to  the  surface  is  subjected  to  the  operations  of 
crushing  and  washing.  The  yield  of  the  Snailbeach  mine  for  the 
year  1881  amounted  to  1,946  tons  of  lead  ore,  of  a  value  of 
£18,500.  The  quantity  was  not  very  different  in  1894,  being 
1,855  tons,  but  owing  to  the  heavy  fall  in  the  price  of  lead 
(£10  2s.  2d.  per  ton  as  against  £15  lis.  Qd.)  the  value  was  only 
£11,075.  The  mine  also  produced  20  tons  of  zinc  ore.  The  total 
amount  of  lead  ore  raised  in  Shropshire  in  that  year  was  2,057 
tons. 

Cheshire. — The  copper  mines  of  Alderley  Edge  and  Mottram 
St.  Andrews  are  situated  in  Cheshire,  about  four  miles  north 
of  the  town  of  Macclesfield.  The  escarpment  or  "  Edge "  at 
Alderley  rises  gradually  from  the  eastern  side  of  the  plain  of 
Cheshire  towards  the  east,  but  forms  an  abrupt  ridge  towards  the 
north.  This  ridge  has  been  upheaved  along  the  line  of  a  large 
fault  bearing  east  and  west,  and  throwing  down  the  Red  Marl  on 
the  one  side,  and  on  the  other  bringing  up  the  soft  sandstone  of 
the  Bunter,  capped  by  a  wall-like  escarpment  of  Lower  Keuper 
conglomerate  which  often  breaks  out  conspicuously  from  among 
the  trees  with  which  the  side  of  the  hill  is  covered.  The  beds 
rise  from  the  plain  towards  the  east  at  an  angle  of  from  5°  to  10°, 
and  the  escarpment  is  continued  for  some  distance  southward  facing 
the  east. 

The    general    form   of  the   Edge   and  its  coTnponent    beds    is 
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shown  in  Fig.  75,  after  an  illustration  of  Professor  Hull,  who  first 
determined  the  true  horizon  of  the  copper-bearing  sandstones  of 
this  locality.^ 

Succession  of  Beds  ix  Descexdixg  Order. 

Red  and  gray  laminated  marls. 
Brownish     flaggy    sandstones     an<l 

marl. 
White  and  brown  freestone. 
Soft  white,  yellow,  and   variegated 

sandstone. 
Hard  quartzose  conglomerate,  under- 
lain by  bands  of  marl,  forming  the 
base  of  the  Keuper  series. 
rSoft,  fine-grained,   yellow   and   red 
-.      sandstone,    being   the   uppermost 
\     member  of  the  Bunter  sandstone. 

The  metalliferous  beds  are  those  marked  h^  Ir  at  the  base  of 
the  Keuper  series ;  the  former  of  these,  besides  containing  ores  of 
copper  and  other  metals,  is  somewhat  remarkable  for  its  petro- 
logical  peculiarities.     It  consists,  generally,  of  a  whitish,  firmly- 


Succession  of 

Beds  ix  ' 

M.  Red  marl 

h*   Waterstones                          ^ 
li^  Freestone                               I 
It  Copper-bearing  sandstone  j" 
h^  Conglomerate                       j 

Lower 

Keuper 

sandstone 

oOO  feet. 

a  Upper  red   and   mottled  ^ 
sandstone J 

Bunter. 

AlierlcyEdge 
Coppey-  TJ!r,  rks 


Mcttra  m  StAndrexvS 
Copper-works 


1,3      b'    b'  a  6^  *■' 

Fig.  75. — Section  from  Alderley  Edge  to  Mottram  St.  Andrews. 

cemented  conglomerate  chiefly  composed  of  well-rounded  pebbles 
of  quartz,  in  all  respects  similar  to  those  which  occur  so  constantly 
in  the  Pebble-beds  of  the  Bunter,  Copper,  in  the  form  of  green 
and  blue  carbonates,  is  disseminated  throughout  the  cementing 
material  of  this  rock,  at  Alderley  Edge  to  a  very  small  extent  only, 
but  in  considerably  larger  quantities  at  Mottram  St.  Andrews, 
about  a  mile  to  the  north-east  of  the  Alderley  Edge  workings. 
The  position  of  the  conglomerate  at  Mottram,  so  far  beloiv  and 
beyond  the  base  of  its  contemporaneous  beds  at  Alderley,  is  due 
to  the  great  east  and  west  fault  already  referred  to,  which  throws 
down  the  beds  to  the  north.  The  conglomerate  is  here  exposed 
in  a  quarry,  in  which,  twenty-five  years  ago,  copper  was  first 
discovered  in  the  district.  For  some  years  systematic  mining  was 
carried  on  in  this  locality,  the  copper-bearing  material  being 
removed  through  a  series  of  numerous  shallow  shafts.     The  results 

O 

^  Edward  Hull,  "On  the  Copper-bearing  Rocks  of  Alderley  Edge,  Cheshire,' 
Gtol.  Mcuj.,  i.  1864,  p.  65.  E.  Hidl  and  A.  H.  Green,  "The  Geology  of  the 
Country  around  Stockport,  Macclesfield,  Congleton,  and  Leek,"  2Itm.  Geol.Stircey, 
1866,  p.  39. 


268  ORE    DEPOSITS  part  ii 

obtained    were,    however,    commercially    unsatisfactory,    and    the 
workings  were  therefore  abandoned. 

The  beds  formerly  worked  at  Alderley  lie  above  the  band  of 
conglomerate,  and  are  marked  IP-  in  the  section.  The  impregna- 
nation  of  copper  minerals  is  confined  to  a  breadth  of  some  forty  to 
fifty  feet,  in  three  beds  of  sandstone,  and  beyond  this  width  the 
cupriferous  impregnations  rapidly  die  out  on  either  side.  The 
sandstone,  which  exhibits  a  uniformly  soft  texture,  is  stained 
along  a  series  of  imperfectly  defined  layers  which  are  variously 
coloured  green,  blue,  red,  or  brown,  in  accordance  with  the  nature 
and  state  of  combination  of  the  metals  present  in  largest  quantity. 
In  addition  to  copper  these  sandstones  contain  sulphate  of  barium 
and  small  quantities  of  lead,  manganese,  iron  and  cobalt.  The 
lead  is  present  chiefly  in  the  form  of  cerussite,  but  galena, 
pyromorphite  and  vanadinite  are  also  met  with. 

The  lowest  of  the  three  metalliferous  beds  is  sometimes  as 
much  as  sixty-six  feet  in  thickness,  but  it  varies  considerably 
in  this  respect ;  it  dips  at  an  angle  of  about  1 2°,  and  it 
has  been  worked  downward  for  a  distance  of  about  300 
fathoms. 

Above  this,  which  is  known  as  No.  1  bed,  lies  a  seam  of  clayey 
sandstone,  varying  in  thickness  from  one  foot  to  six  feet,  and 
upon  this  rests  the  metalliferous  bed  No.  2,  which  is  18  feet 
thick  and  covered  by  about  twelve  feet  of  red  clayey  sandstone. 
Above  this  sandstone  is  bed  No.  3,  also  18  feet  in  thickness,  but 
which  has  not  been  extensively  worked.  The  section  of  the  beds 
in  1864,  at  the  face  of  the  workings,  was  as  follows  : — ^ 

Fathoms. 

Surface  clay  and  red  sandstone  ...  17 

No.  3  bed 3 

Red  clayey  sandstone 2 

No.  2  bed 3 

Blue  clayey  sandstone 1 

No.  1  bed 11 

Total  37  fathoms. 

The  average  amount  of  copper  contained  in  the  workable 
portion  of  the  metalliferous  sandstone  is  about  1*4  per  cent.,  with 
traces  of  cobalt. 

1  G.  C.  Greenwell,  "  On  the  Copper  Sandstone  of  Alderley  Edge,  Cheshire," 
Proc.  S.   Wales  Inst,  of  Engineers,  iv.  1866,  p.  44. 
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These  mines  were  worked  for  many  years  with  considerable 
success,  but  the  lease  having  expired  in  1877  and  the  yield  of 
copper  having  somewhat  fallen  off,  the  workings  were  suspended 
and  have  not  since  been  resumed.  At  this  mine,  the  copper- 
bearing  sandstone  was  drawn  up  an  inclined  plane,  by  a  drum 
attached  to  the  main  shaft  of  an  engine  connected  with  a  Cornish 
crashing  mill.  After  having  been  coarsely  ground,  without 
sifting,  the  sand  was  taken  to  a  number  of  tanks  with  perforated 
false  bottoms,  in  which  it  was  treated  with  dilute  hydrochloric  acid. 
Filtering  rapidly  through  the  ground  sandstone  the  dilute  acid 
collected  in  the  chamber  beneath  the  false  bottom,  from  which  it 
was  constantly  pumped  and  distributed  over  the  surface  of  the 
ore.  The  pumping  was  continued  until  the  whole  of  the  soluble 
copper  salts  had  been  dissolved,  the  metal  being  afterwards 
precipitated  by  the  introduction  of  scrap  iron  into  the  liquors 
drawn  off  into  suitable  receivers.  The  resulting  copper  precipitate 
was  sold  to  copper  smelters  in  the  usual  way. 

The  liquors  containing  ferrous  chloride,  from  which  the  copper 
had  been  removed,  contained  a  small  amount  of  cobalt,  and  an 
attempt  was  made  to  recover  that  metal  in  the  following  way. 
The  spent  liquors  from  the  precipitation  of  copper  were  run  off 
into  a  large  reservoir,  where,  after  having  been  allowed  to  oxidise 
by  exposure  to  the  air,  milk  of  lime  was  added.  The  precipitate 
thus  produced  contained  arsenic  as  well  as  cobalt,  and  was  smelted 
for  speiss  in  a  reverberatory  furnace.  The  results  obtained  were, 
however,  not  satisfactory. 

An  attempt  was  also  made  to  render  available  the  lead  ores 
contained  in  certain  bands  of  the  sandstone  which,  for  the  most 
part,  are  distinct  from  those  yielding  the  bulk  of  the  copper  ores. 
With  this  view  the  more  plumbiferous  sandstones  were  ground 
between  burr-stones,  and  subsequently  washed.  A  very  large 
proportion  of  the  ore,  which  is  chiefly  cerussite,  was,  however, 
found  to  float  away  in  suspension  in  the  water,  and  after  numerous 
trials  it  was  found  that  the  loss  of  lead  incident  on  brinojing  the 
ore  up  to  a  produce  of  45  per  cent,  was  so  great,  that  it  became 
necessary  to  abandon  the  process. 

Lead  Mixes  of  the  Carboniferous  Limestone. — The  lead 
mines  of  the  extreme  north  of  England  are  situated  in  the 
counties  of  Northumberland,  Durham,  Cumberland,  and  West- 
moreland. The  surface  of  this  portion  of  Great  Britain  varies  in 
character  from  extensive  plains  to  mountains  of  considerable 
height,  exhibiting  in  some  places  a  richly  wooded  and  fruitful  soil. 
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while  in  others  little  is  to  be  met  with  but  barren  hills,  with  more 
or  less  extensive  pasturage  in  the  valleys. 

Beneath  the  comparatively  flat  land  in  the  apjiroximate  vicinity 
of  the  eastern  and  western  coasts  the  uj^per  members  of  the  Car- 
boniferous series  contain  valuable  seams  of  coal,  and  from  beneath 
these  rise  the  Lead-measures,  consisting  of  various  members  of  the 
Carboniferous  limestone.  They  rise  gradually  towards  the  west 
with  an  inclination  greater  than  that  of  the  general  slope  of  the 
country,  so  that  they  successively  reach  the  surface  over  a  large 
area,  attaining  their  highest  elevation  in  the  mountain  of  Cross 
Fell,  Cumberland.  Similar  outcrops  occur  in  adjaceiit  fells,  or 
elevated  moorlands,  and  these,  extending  in  a  north  and  south  direc- 
tion, form' the  western  limit  of  the  lead-mining  districts  of  the  north. 
The  lofty  range  of  elevated  land  constituting  the  Pennine 
Chain,  extends  from  Derbyshire  to  the  Cheviots,  and  occupies  a 
ridge  of  from  twenty  to  thirty  miles  in  width,  forming  the  central 
portion  of  the  north  of  England.  It  sometimes  attains  a  height  of 
2,000  feet  above  the  level  of  the  sea,  and  is  formed  of  a  broad 
anticlinal  curve,  which  is  much  broken  by  large  faults  along 
its  north-west  flank  towards  Westmoreland  and  Cumberland,  as 
well  as  along  its  western  margin  extending  into  Staffordshire.  On 
the  opposite  side,  throughout  Yorkshire  and  Derbyshire,  the  beds 
are  less  disturbed,  and  usually  dip  at  a  moderate  angle  beneath  the 
coal-measures.  In  many  parts  of  this  range  are  numerous  and 
extensive  lead  mines,  which  may  be  classified  into  the  following 
groujDS  : — -^ 

1st. — Mining  districts  connected  with  the  River  Tyne,  and  its 
tributaries,  the  Nent,  the  East  and  West  Allen,  and  the 
Derwent ;  namely,  Alston  Moor  in  the  county  of  Cumber- 
land, East  and  West  Allendale  in  the  county  of  North- 
umberland, and  the  Blanchland  and  Derwent  Mines  in 
the  same  county.  In  addition  to  these,  which  are  dis- 
tinct mining  areas  of  considerable  extent,  there  are 
other  valuable  lead  mines,  situated  in  isolated  localities, 
some  of  which  are  extensively  worked,  in  the  Valley  of 
the  Tyne. 
2nd. — The  extensive  mining  district  of  Weardale,  occupying 
all  the  upper  part  of  the  valley  of  the  River  Wear  and 
its  tributary  valleys  of  Burnhope,  Killhope,  Wellhope, 
Treshope,  Rookhope,  &c. 

^  T.  Sopwith,  "  On  the  Lead  Mining  Districts  of  the  North  of  England,"'  Trans. 
X.  Eng.  Inst.  Min.  Emj.  xiii.  1864,  p.  188. 
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3rd. — An  extensive  district  in  and  adjoining  Teesdale,  the 
mines  being  situated  chiefly  in  the  valley  of  the  River 
Tees,  and  in  adjacent  portions  of  Yorkshire  and  West- 
moreland. 

The  maximum  thickness  in  the  north  of  England  of  the  Carboni- 
ferous or  Mountain  Limestone  is  about  2,800  feet,  which  is  made  up  of 
alternating  strata  of  limestone,  sandstone,  and  shale,  while  between 
them  is  interposed  one  thick  layer  of  trap.  The  upper  members 
of  the  series  appear  at  the  surface,  on  the  sides  of  the  upper 
valleys  of  the  South  Tyne,  Wear,  and  Tees,  forming  the  rocks  in 
which  the  lead  veins  of  those  districts  are  enclosed.  At  Alston 
Moor,  one  of  the  principal  mining  centres  of  this  part  of  the 
country,  the  aggregate  thickness  of  the  Carboniferous  limestone 
series  does  not  exceed  1,037  feet,  and  consists  of  183  feet  of  lime- 
stone, 849  of  sandstone,  and  505  feet  of  Shale. 

The  trap  rock,  or  TVliin  Sill,  which  crops  out  at  the  surface  in 
two  or  three  places  only,  may,  at  Alston  Moor,  be  regarded  as 
forming  the  base  of  the  metalliferous  beds ;  the  lower  portion  of 
the  Mountain  Limestone  is,  however,  visible  at  the  surface  on  the 
western  escarpment  of  Cross  Fell. 

The  table  on  page  272,  constructed  by  Mr,  Wallace,  shows  the 
composition  and  total  thickness  of  the  Millstone  Grit  and  Moun- 
tain Limestone  rocks  in  Alston  Moor  and  the  adjoining  mining 
districts.^ 

In  the  Alston  district  it  is  unusual  for  any  member  of  the 
series  to  be  altogether  wanting,  but  in  the  Tee-side  and  Trout- 
beck  mines  the  strata  above  the  Whin  Sill  vary  considerably,  both 
in  thickness  and  in  the  order  of  their  succession,  from  those  found 
in  the  mines  near  the  River  Tyne.  In  the  Tees-side  district  a 
greater  thickness  intervenes  between  the  top  of  the  Whin  and  the 
bottom  of  the  Scar  Limestone  than  at  Garrigill  on  the  Tyne,  but  in 
the  latter  the  Whin  is  very  considerably  thicker  than  in  the  former, 
and  the  distance  in  each  case  between  the  bottom  of  the  Whin  and 
the  bottom  of  the  Scar  Limestone  is  nearly  equal. 

The  veins  of  the  north  of  England  may  be  grouped  into  three 
classes,  namely,  veins,  cross-veins,  and  quarter-jjoint  veins. 

The  first  class,  sometimes  called  raJce  veins,  or  right-ninning' 
veins,  comprehends  all  those  coursing  approximately  east  and  west 
but  varying  in  direction  between  N.  60°  E.  and  S,  60°  E.     Veins 

1  W.  Wallace,  The  Laws  ivhkh  Regulate  the  Deposition  of  Lead  Ore  in  Veins, 
London,  1861,  p.  17. 
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General  Section  of  the   Millstone  Grit  and  Mountain  Limestone  Rocks 
AS  Developed  in  the  Alston  Moor  and  adjoining  Mining  Districts. 


No. 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 
31 
32 
33 
34 


35 


36 
37 
38 
39 
40 
41 
42 
43 
44 


Local  Names. 


I  Sandstone.       Shale.        Limestone. 


Coal  (Brockweirs) 

Slate  

Girdle  Beds 

Freestone  

Coarse  Hazle  Gh'dle  Beds    .    .    . 

Millstone  Grit      

Hard  Hazle  ^ 

Freestone 

Gray  Beds ,  •    •    • 

Hazle 

Alternating  Gray  Beds 

Grindstone  Sill 

Hazle  and  Coal 

Fell-top  limestone 

Hazle 

Do 

Do 

High  Slate  Sill 

Low  Slate  Sill 

Fiddler's  Sill 

Ironstone  and  Coal 

Firestone 

Girdle  Beds 

Pattinson's  Sill 

Little  Lime  and  White  Hazle  .    .    . 

High  Coal  Sill 

Low  Coal  Sill 

Great  Limestone 

Tuft 

Limestone  jMst 

Quarry  Hazle 

Till  Bed 

Four  Fathoms  Limestone 

Nattrass  Gill  Hazle 

Three  Yards  Limestone 

Six  Fathoms  Hazle 

Five  Yards  Limestone 

Slaty  Hazle 

Scar  Limestone 

{High  Copper  Hazle^ 
CocMeshell  Lime 
Alternating  beds  \  Low    do.     do. 
Post  Lime 
\Tyne-hottom  Plate 

Tyne-bottom  Limestone 

Whetstone  Bed 

Whin  Sill 

Hazle 

Do 

Do 

Jew  Limestone 

Slate  

Little  Limestone 


ft.  in. 
15  U 
52     0 


0 

9  0 

45  0 

15  0 

10  6 

24  0 

9  8 


12  0 

5  0 

14  0 

12  0 

9  0 

30  0 

18  0 

36  0 

12  0 

35  0 


3  2 

48  0 

37  0 

27  0 

9  0 

6  0 

44  6 

88  0 

33  0 

10  0 


12 

0 

30 

0 

9 

0 

12 

0 

12 

0 

7 

0 

24 

0 

7 

6 

21 

0 

22 

0 

15 

0 

30 

0 

4 

6 

30 

0 

66  0 

24  0 

9  0 

6  0 

26  0 

16  0 

37  6 

66  0 

10  6 

18  0 

90  0 


6 

0 

20 

0 

9 

0 

10 

0 

11 

0 

11 

6 

3 

0 

18 

0 

9 

0 

7 

0 

15 

0 

4 

6 

4    6 


15    0 


6  0 

:     63  0 

I    '  ' 

I     24  0 

9  0 

I     15  0 

\     30  0 

I     14  0 

24  0 


24     0 


18     0 


1  Hazles  are  compact  sandstones. 
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General  Section  of  the  Millstone  Grit  and  Mountain  Limestone  Rocks 
AS  Developed  in  the  Alston  Moor  and  Adjoining  Mining  Districts — 
{co7itinittd). 


No. 


45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 


Local  Names. 


Sandstone.        Shale.      ;  Limestone. 


ft.     in. 
51      0 


12  0 

12  0 

9  0 

6  0 


Hazle 

Sniiddy  Limestone 

Hazle .    . 

Limestone 

Hazle 

Robinson's  Lime 

Hazle 

Scar  Limestone 

Freestone 

Limestone 

Freestone '  105 

Do 

Do 

Do 

Limestone 

Hard  Freestone 

Seven-inch  Coal  with  Plate  .... 

Freestone j     30    0 

Limestone i 

Freestone i  174    0 


ft.  in. 
24  0 


105 

0 

7 

6 

7 

6 

9 

0 

12 

0 

3  0 

12  0 

6  0 

9  0 

9  0 

9  0 

9  0 

42  0 

129  7 

7  6 

60  0 


Totals 1133  2  1171  3 


ft.  in. 

31  6 

25  6 

21  0 

132  0 

12  0 

7  6 

18  0 

480  3 


"belonging  to  this  class  are  usually  metalliferous,  and  are  more 
frequently  productive  when  enclosed  in  hard  rocks,  particularly 
in  limestone,  than  when  their  walls  consist  of  shale  or  of  some 
other  soft  material. 

The  second  class  comprises  all  veins  whose  direction  is  nearly 
north  and  south.  They  usually  displace  those  belonging  to  the 
first  class,  and  are  less  variable  in  their  course.  In  the  strata  above 
the  Great  Limestone  they  are  rarely  metalliferous,  and  seldom  even 
contain  any  considerable  amount  of  veinstone.  In  the  Great  Lime- 
stone they  have,  in  the  aggregate,  yielded  large  quantities  of  galena, 
while  in  the  strata  beneath  it  they  frequently  produce  ores  of 
both  lead  and  copper. 

The  veins  belonging  to  the  first  two  classes,  which  cross  one  an- 
other nearly  at  right  angles,  are  sometimes  intersected  by  a  class 
of  smaller  veins  having  an  intermediate  bearing  and  hence  called 
quarter-point  veins,  the  "  point "  of  a  vein  being  the  local  term 
indicating  its  bearino-.  These  intermediate  veins  traverse  the 
country  in  two  different  directions,  the  one  being  S.  55°  E,  and 
the  other  S,  55°  W.  Like  the  veins  of  the  second  class  they 
contain  but  little  veinstone  in  the  beds  above  the  Great  Lime- 
stone ;  in  the  strata  below  it,  however,  they  are  often  filled  with 
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iron  pyrites,  copper  pyrites,  calcite,  &c.  They  seldom  contain 
lead  ore. 

Veins  of  all  classes  have  in  this  district  usually  been  formed 
along  lines  of  fault.  The  "  throw  "  is  the  term  locally  employed- 
to  signify  the  vertical  disruption  which  generally  occurs  along  the 
course  of  the  more  considerable  veins.  The  perpendicular  distance 
between  the  corresponding  strata  on  the  opposite  sides  of  the  same 
vein  varies  in  Alston  Moor  from  a  few  inches  to  300  feet,  and 
there  is,  moreover,  a  remarkable  correspondence  between  the  dip 
and  throw  of  veins,  which,  although  not  without  exceptions,  is 
nevertheless  very  general. 

Following  the  general  rule  of  normal  faults  that  the  hanging 
side  of  the  fault  has  moved  downwards,  or,  as  expresed  in  the 
north,  that  the  fault  hades  to  its  downthrow,  if  an  east  and  west 
vein  throws  the  strata  up  on  its  south  side  the  dip  or  hade  will 
generally  be  towards  the  north,  and  vice  versa,  the  dip  being 
usually  opposite  the  side  on  which  the  strata  are  highest.  Mr.  T. 
Sopwith  gives  the  following  instance  of  the  variable  throw  of  the 
same  vein  in  different  localities,  as  exemplified  by  Old  Carr's 
Cross-vein  in  Alston  Moor.  This  powerful  vein  throws  up  the 
strata  at — ^ 

Middle  Cleugh  Second  Sun  Vein  .    .    42  feet. 

Middle  Cleugh  Vein 48     „ 

Carr's  Vein 60     „ 

Broomsberry 72     ,, 

Nentsberry  Greens 162     „ 

In  the  Alston  Moor  district  a  vein  is  said  to  be  vjeaJc  when  the 
strata  on  either  side  are  but  slightly  displaced,  and  strong  when 
the  difference  of  level  between  similar  strata  is  considerable.  In 
addition  to  the  difference  in  the  level  of  corresponding  strata 
which  so  frequently  occurs  on  the  opposite  side  of  a  vein,  the 
veinstone  itself  is  sometimes  traversed  by  a  longitudinal  fissure 
with  well  defined  slickensides  upon  its  faces.  In  the  upper  parts 
of  Alston  Moor,  the  quarter-point  veins  are  usually  small  and  their 
throw  only  a  few  inches,  the  largest,  which  is  about  six  feet,, 
occurring  at  the  Nenthead  Mines.  In  the  lower  part  of  the  field,, 
the  veins  belonging  to  this  class  are  much  stronger,  and  one  of 
them  in  the  Rodderup  Fell  Mine,  throws  up  the  north-west  side 
no  less  than  forty  feet. 

1  Miniwj  District   of  Alston  Moor,  Weardale,  and    Teesdale,  Alnwick,  1S33,. 
p.  107. 
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The  very  remarkable  fault  known  as  the  Great  Sulphur  Vein 
traverses  the  country  in  a  westerly  direction  for  a  distance  of 
nearly  eight  miles,  from  Hard  Rigg  Edge,  Melmerby  Fell,  where 
it  terminates  against  a  S.  \V.  fault,  to  the  neighbourhood  of 
Burnhope  Seat  on  the  borders  of  Durham,  where  it  breaks  up  into 
a  number  of  comparatively  small  branches  which  again  unite  near 
Hiddenhole  Mine,  Westward  of  this  point  it  intersects  a  vein 
which  has  been  worked  in  the  Sir  John  Mine.  After  penetrating 
the  Sulphur  Vein,  which  was  no  less  than  180  feet  in  width  in 
this  place,  the  miners  found  the  Sir  John  Vein  to  have  been 
shifted  horizontally  20  fathoms.  The  high  level  on  the  north  side 
of  the  Sulphur  Vein  is  driven  in  the  plate  overlying  the  Scar 
Limestone,  while  on  the  south  side  it  is  in  the  shale  under  the 
Cockleshell  Limestone,  indicating  a  vertical  displacement  of  about 
100  feet. 

A  little  further  west  the  Sulphur  Vein  is  seen  on  the  banks  of 
the  South  Tyne  a  little  below  the  Tynehead  Smelt  Mill,  which  is 
built  on  the  Whin  Sill,  through  which  the  river  has  cut  a  narrow 
gorge  terminating  in  a  waterfall  of  about  forty-six  feet  in  height. 
The  Whin  Sill  abuts  against  the  Sulphur  Vein,  which  on  the  north 
side  throws  in  the  Tyne-bottom  Limestone,  which  again  forms  the 
bed  of  the  river.^ 

This  vein  is  mainly  composed  of  iron  pyrites  in  a  matrix  of 
quartz,  with  here  and  there  large  masses  of  pyn'hotine,  the  latter 
containing  a  small  proportion  of  nickel  and  a  trace  of  cobalt.  The 
low  level  in  the  Sir  John  Mine  has  also  been  driven  through  the 
Sulphur  Vein,  which  was  found  to  consist  of  enormous  masses  of 
iron  pyrites  containing  a  little  copper.  Copper  ore  occurs  in  the 
Sir  John  Vein,  as  well  as  in  several  others  in  Tynehead,  in  strata 
ranging  from  the  top  of  the  Scar  Limestone  to  that  of  the  Tyne- 
bottom  Limestone,  but  more  particularly  in  the  beds  known  as  the 
Copper  Hazles.  West  of  the  Tyne  the  Sulphur  Vein  crosses  a  hill 
called  Noon  stones,  where  it  consists  almost  entirely  of  white 
quartz,  and  descending  on  the  other  side  it  is  seen  in  Cross  Gill, 
where  it  is  said  to  have  been  at  one  time  worked  for  gold.  At 
this  place  the  vein  consists  of  a  matrix  of  ferruginous  quartz  with 
patches  of  iron  pyrites  and  pyrrhotine.  Still  further  west  it  was 
met  with  in  a  mine  at  Smitter  Gill,  where  masses  of  pyrrhotine 
may  still  be  seen  on  the  surface  together  with  fluor  spar  and  other 

^  C.  E.  De  Ranee,  "On  the  Occurrence  of  Lead,  Zinc,  and  Iron  Ores  in  some 
Rocks  of  Carboniferous  Age  in  the  North- West  of  England,"  Geol.  Mag.,  x., 
1873,  p.  303. 

T   2 
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lode  stuff  derived  from  lead  veins.  Many  of  the  veins  in  this 
district  when  poor  for  lead  yield  hydrated  oxide  of  iron,  and  when 
suflSciently  large,  are  sometimes  worked  for  that  ore.  On  the 
south  side  of  the  Great  Sulphur  Vein  at  an  average  distance  from 
it  of  nearly  a  mile,  the  country  is  traversed,  in  a  nearly  parallel 
direction,  by  a  trap  dyke.  No  displacement  of  the  strata  takes 
place,  and  where  opened  upon  by  mining  operations  at  its 
intersection  with  the  Douk  Bui-n  Vein  no  trace  of  the  vein  was 
seen  in  the  dyke,  but  when  the  latter  had  been  cut  through,  the 
vein  was  found  in  its  proper  position  on  the  other  side.  It  there- 
fore appears  that  the^  intrusion  of  the  whin  dyke  was  posterior  to 
the  formation  of  the  metalliferous  east  and  west  veins  of  Alston 
Moor. 

In  addition  to  the  three  classes  of  veins  before  described,  large 
quantities  of  lead  ore  are  sometimes  obtained  from  flats,  a  form  of 
massive  deposits  that  has  already  been  referred  to  {sec  page  166). 
Veins,  however  irregular  may  be  their  width,  have  usually  walls  or 
cheeks  which  maintain  the  fissure-like  character  of  the  opening. 
In  certain  members  of  the  lead-bearing  strata  in  this  district, 
however,  and  especially  in  the  Great  Limestone  and  the  Scar 
Limestone,  the  veins  sometimes  branch  off  laterally  into  flats 
which  are  often  very  productive.  These  flats  vary  as  much  in 
their  size  and  characteristics  as  do  the  veins  themselves.  When 
ia  the  region  of  flats  the  miner  sometimes  cuts  into  caverns  of 
varying  extent,  either  lined  with  crystals  of  calcite,  blende,  galena, 
&c.,  or  filled  with  clay  or  veinstone.  An  opening  often  connects 
such  flats  with  a  vein,  and  under  those  circumstances  they 
frequently  produce  large  quantities  of  ore.  Occasionally  flats 
extend  over  considerable  areas  and  terminate  suddenly  at  a  hack 
or  joint  in  the  strata.  Flats  situated  at  a  distance  from  a  large 
vein  have  often  numerous  strings  or  leaders  running  into  them  ; 
this  term  being  applied  by  miners,  because  by  following  them  they 
are  often  led  to  the  flats  themselves. 

The  minerals  most  frequently  occurring  in  the  lead  veins  of  this 
region  are  quartz,  calcite,  iron  pyrites,  blende,  galena,  fluor  spar, 
and  sulphate  of  barium.  In  the  strata  included  between  the 
Grindstone  Sill  and  the  top  of  the  Little  Limestone,  the  amount 
of  quartz  deposited  in  the  veins  is  less  than  might  have  been 
expected  from  the  generally  siliceous  nature  of  the  rocks ;  fluor 
spar,  calcite,  and  oxide  of  iron  being  the  prevailing  minerals. 

In  the  Little  Limestone  of  the  Nenthead  district  the  veins 
frequently   contain   much   blende   and   iron    ore,   and   a  greater 
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proportion  of  quartz  than  is  usually  found  in  the  sandstones 
above.  Calcite  and  fluor  spar  are  occasionally  met  with  in  this 
limestone  and  in  the  Coal  Sills  below.  Blende  is  commonly 
accompanied  by  quartz,  although  the  converse  does  not  follow, 
since  veins  almost  filled  with  this  mineral  often  contain  no 
sulphide  of  zinc. 

In  the  veins  in  the  Great  Limestone  a  greater  variety  of 
minerals  is  found  than  in  those  of  any  of  the  strata  above.  Fluor 
spar  is,  however,  rarely  met  with  in  any  considerable  quantity  in 
the  Nenthead  Mines,  although  it  must  have  been  at  one  time 
tolerably  abundant,  as  pseudomorphs  in  quartz  after  fluor  spar  are 
by  no  means  uncommon. 

At  Garrigill,  calcite  and  fluor  spar  occur  abundantly  in  the 
Great  Limestone,  the  veins  being  in  many  places  almost  filled  with 
these  minerals.  In  the  Weardale  and  Allenhead  districts  the 
veins  in  all  the  strata  are  chiefly  filled  with  galena,  calcite  and 
fluor  spar. 

In  the  sandstones  below  the  Great  Limestone  the  east  and 
west  veins  generally  contain  more  quartz  than  they  do  in  the 
strata  above.  Both  the  rigrht-runnino-  veins  and  the  north 
and  south  veins  contain  much  imperfectly  crystallised  quartz  in 
the  Scar  Limestone.  The  veins  which  have  been  worked  for 
lead  in  the  Tyne-bottom  Limestone  often  contain  much  calcite, 
although  quartz  is  by  no  means  uncommon.  In  the  flats  in  this 
limestone  beautifully  crystallised  calcite  occurs. 

In  the  Tyne-bottom  mines  some  of  the  veins  have  been 
partially  explored  in  the  Whin  Sill,  where  they  were  found  filled 
with  calcite  and  spathose  iron  ore,  but  containing  no  galena. 

The  principal  veins  of  the  north  of  England  divide  the  whole 
of  the  strata  of  the  Carboniferous  limestone  series,  which  are 
brought  variously  in  opposition  to  one  another  by  the  dis- 
locations usually  accompanying  vein  fissures  in  that  region. 
Instances  have  from  time  to  time  been  recorded  of  veins  being 
productive  under  almost  every  possible  circumstance  of  opposition 
of  the  strata,  but  certain  beds  have  nevertheless  long  been 
favourably  known  for  their  richness  in  lead  ore.  In  different 
mining  districts  different  limestones  are  thus  favourably 
distinguished,  but  in  the  country  around  Alston  Moor,  Teesdale, 
and  Swaledale,  the  Great  Limestone  is  by  far  the  most  productive 
stratum. 

In  confirmation  of  this,  the  following  extract  relative  to  the 
actual  quantities  of  lead  ore  obtained  from  all  the  beds  in  the 


278  ORE    DEPOSITS  part  ii 

manor    of  Alston  Moor,  during  the  year  1822,  is  given  from  Mr.  J. 
Taylor's  Report  on  mineral  veins : — ^ 

/  Great  Limestone 20,827  bings- 

Little  Limestone 287      , , 

Limestone  BedA  Four-fathom  Limestone    ...  91      ,, 

I  Scar  Limestone 90      ,, 

It 


^Tyne-bottom  Limestone   .        .        393 


21,688  bings 


Gritstone  Beds- 


f  High  Slate  Sill 107  bings 

Lower  Slate  Sill 289  ,, 

Firestone 262  ,, 

Pattinson's  Sill 259  ,, 

High  Coal  Sill 327  ,, 

Low  Coal  Sill 154  ,, 

Tuft 306  „ 

Quarry  Hazle 44  ,, 

Nattrass  Gill  Hazle 21  ,, 

Six  Fathoms  Hazle 576  ,, 

Slaty  Hazle 18  ,, 

VHazle  under  Scar  Limestone    .  2  ,, 


2,365  bings 

Total 24,053  bings 

With  regard  to  the  origin  of  the  lead  deiDOsits  of  Alston 
Moor,  Mr.  Wallace  observes  "  it  would  appear  that  either  lead 
in  connection  with  some  basifying  principle  must  enter,  in 
varying  proportions,  as  a  component  part  of  the  rocks  of  this 
district,  or  some  still  more  elementary  substances  from  which  it  is 
formed  by  laws  of  chemical  combination  as  yet  unknown.  I  am 
not  aware  that  the  limestones  and  sandstones  of  Alston  Moor  have 
ever  been  subjected  to  careful  chemical  investigation.  If  from 
their  analysis  it  is  proved  that  lead  is  diffused  throughout  their 
whole  mass,  then  the  inquiry  would  be  much  simplified,  and 
chemists  would  be  able  to  demonstrate  the  changes  which  must 
be  effected  in  order  that  sulphide  of  lead  may  be  deposited  in  the 
veins  by  the  agency  of  circulating  waters."  ^ 

The  four  most  northern  counties  of  England  produced,  respec- 
tively, the  following  amounts  of  lead  ore,  lead,  and  silver  during 
the  year  1881  :—^ 

Lead  ore.  Lead.  Silver. 

Tons.  Tons.  Oz. 

Northumberland \    ^^  ^                 g  .^  03g 

Durham J  ' 

Cumberland 2,376  =         1,720  13,786 

Westmoreland 1,2.36  =             904  11,954 

Cumberland  also  produces  annually  about  1,800  tons  of  zinc  ores. 


1  Report  Brit.  Association,  1833,  p.  1. 

2  Each  weighing  8  cwts. 

3  The  Lau-s  which  Regulate  the  Deposition  of  Lead  Ores  in  Veins,  1861,  p.  242. 
*  R.  Hunt,  "Mineral  Statistics  for  1881,"  Memoirs  of  the  Geol.  Survey,  1882. 
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On  account  of  the  great  fall  in  the  prices  of  both  lead  and  silver, 
many  previously  paying  mines  could  no  longer  meet  expenses, 
and  had  to  be  closed  down,  whilst  mining  for  these  metals  has 
been  altogether  less  vigorously  prosecuted  in  this  as  in  other  parts 
of  England  during  recent  years,  and  there  has  been  a  steady  dimi- 
nution in  production  since  1877.  The  figures  for  1894  correspond- 
ing to  those  oiven  above  are  as  follows : — 

Lead  ore.  Lead.  Silver. 

Tons.  Tons.                       Oz. 

Northumberland 1,042  =  743                  2,336 

Durham 9,214  =  6,438i  59,766 

Cumberland 1,750  =  1,289  12,241 

\YestmoreIand 1,461  =  1,040^  13,329 

In  proportion  as  falling  prices  made  lead-mining  less  profitable, 
more  attention  has  been  paid  to  zinc;  in  the  same  year  1894, 
■Cumberland  (Alston  and  Keswick)  produced  7,228  tons  and 
Northumberland  10  tons  of  zinc   ores. 

The  lead-mining  district  of  Yorkshire  includes  an  area  of  about 
700  square  miles,  and  comprehends  the  high  ground  bordering 
Swaledale,  Arkendale,  and  Wensleydale  in  the  north,  and  Nid- 
derdale,  Wharfedale,  and  Airedale  to  the  south.  The  rocks  of  this 
area,  like  those  of  the  lead-bearing  districts  further  north,  belong 
to  the  Carboniferous  limestone  period,  but  although  they  prevail 
throughout  the  whole  mining  area,  each  individual  stratum  is 
by  no  means  everywhere  represented,  and  the  thickness  of  the 
different  beds  is  exceedingly  variable. 

The  lead  ore  of  the  Yorkshire  mines  is  derived  from  rake  veins, 
■pipe  veins,  and  flats.  Of  these  the  rake  veins  are  the  most  pro- 
ductive and  important ;  their  course  does  not  usually  vary 
materially  from  a  straight  line,  but  their  dip  is  far  from  constant. 
Their  inclination  from  the  horizon  is  less  in  soft  argillaceous  beds 
than  in  hard  solid  rocks  ;  while,  when  passing  a  thin  seam  of 
shale,  or  soft  clay,  they  often  flatten  and  follow  for  a  considerable 
distance  the  inclination  of  the  strata.  As  is  the  case  elsewhere, 
the  widtli  of  the  Yorkshire  veins  is  exceedingly  variable, 
frequently  opening  from  one  or  two  feet  to  several  yards,  and 
again  contracting  to  a  mere  joint.  The  width  of  a  vein  is  u.sually 
affected  by  a  change  of  strata,  and  is  greater  in  hard  rocks  than 
in  soft  ones ;  it  is  generally  greater  in  limestone  than  in  sandstone, 
and  in  the  latter  rock  than  in  shale.  Rake  veins  are,  in  the 
majority  of  cases,  fault  veins,  the  strata  being  as  a  rule  lower  on 
the  side  of  the  dip  than  in  the  contrary  direction. 

The  extent  of  the  throw  varies  from  a  few  inches  to  twenty 
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or  thirty  fathoms ;  the    greatest  amount    of  throw   being    often 
observed  when  nearly  parallel  veins  are  in  the  almost  immediate 
vicinity  of  one  another.       The  strength  of  a  vein  is  considered  to 
be  in  direct  proportion  to  the  extent  of  its  throw.     A  vein  with  a 
difference   of  from   six  to  eighteen  feet  between  the  height  of 
similar  beds  on  the  two  sides,  is  regarded  by  the  miner  with  more 
favour  than  one  with  either  a  greater  or  less  displacement.     A 
fault  of  this  extent  is  looked  upon  as  an  indication  that  a  vein  has 
sufficient  strength  to  insure  its  size  and  continuity,  but  is  not  so 
great  as  to  destroy  the  effect  supposed  to  be  produced  by  certain 
beds  when  occurring  on  the  same  horizon  on  both  sides  of  a  vein. 
When  rocks  of  a  different   character  form  the  opposite  sides  or 
cheeks  of  a  vein,  a  deposit  of  lead  ore  is  rarely  found  between 
them ;    this    rule  is,   however,    not    without    exceptions.     At  the 
Grassington    Mines,    in    Wharfedale,   there    are    two    veins    each 
throwing  the  strata,  south  side   down,  to  such  an  'extent  as  to 
cause    shale   to   be    opposed    to    gritstone,    shale    to   limestone, 
gritstone  to    limestone,   &c.,  and    so    on    throuohout    their  whole 
explored  depth.     Under  these  conditions  one  of  the  veins  yielded 
large  quantities  of  ore,  while  its  neighbour  proved  totally  barren.^ 
When  a  vein  occasions  a  throw  of  from  two  to  three  fathoms, 
the  ore  seldom  continues  either  above  or  below  the  change  of 
strata,  but  is  confined  to  those  portions  of  the  fissure  which  are 
bounded  by  the  productive  rock.     An  exce^Dtion  to  this  rule  oc- 
curred, however,  at  the  Grassington  Mines,  where  a  vein  produced 
large  quantities  of  lead  ore  for  considerable  distances  both  above 
and  below  such  a  change  of  strata.     In  addition  to    causing  a 
fault    or  throw,  rake  veins  materially  influence  the  dip   of  the 
strata  in  the  immediate  vicinity  of  their  walls.     On  the  side  of  the 
more   elevated  beds  the  planes  of  stratification  are,  for  a  short 
distance   from   the   wall,    bent    downwards,    while    those   on    the 
opposite  side  are,  on  the  contrary,  bent  upwards. 

Although  the  veins  of  this  county  traverse  all  the  beds  of  the 
Carboniferous  limestone,  there  are  only  certain  members  of  it 
that  usually  yield  lead  ore.  In  some  districts  the  most  abun- 
dantly productive  strata  are  limestones,  while  in  others  the  larger 
proportion  of  lead  is  obtained  from  the  sandstones.  The  argil- 
laceous shales  very  rarely  produce  ore,  but  even  this  admits  of 
exceptions,  since  in  the  Airedale  district  lead  ores  have  sometimes 
been  found    in  these  rocks.      The  great  Whin  Silj   extends  into 

1  Stephen   Eddy,   "On   the   Lead   Mining   Districts   of    Yorkshire,"   British 
Association  Reports,  1S58,  pp.  167-174. 
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Northern  Yorkshire.  In  the  more  northern  districts  many  of  the 
veins  have  a  nearly  direct  course  over  a  considerable  distance. 
The  Old  Gang  Vein  in  Swaledale,  which  has  been  worked  over  a 
length  of  some  miles,  and  which  can  be  traced  in  a  nearly  straight 
line  for  a  still  greater  distance,  is  an  example  of  this  persistency 
of  character  in  lead  veins. 

The  veins  of  the  three  northern  districts,  namely,  Swaledale, 
Arkendale,  and  Wensleydale,  are  more  regular  in  size,  and  the 
beds  more  uniform  in  thickness  than  they  are  in  the  more 
southern  areas.  In  the  former  the  limestones  have  been  the 
principal  sources  of  production,  while  the  ores  of  the  southern 
mines  have  been  chiefly  derived  from  sandstones.  Many  pecu- 
liarities distinguish  the  mines  of  the  northern  districts  of  York- 
shire from  those  of  the  south,  and  divide  them  into  two  distinct 
classes.  Rake  veins,  pipe  veins,  and  flats  are  common  to  both, 
and  it  is  to  be  remarked  that,  on  account  of  the  composition  of 
the  veinstone  Avith  which  they  are  associated,  ores  from  pipe  veins 
and  flats  are  more  fusible  than  those  from  rake  veins.  The  ores 
from  the  limestones  are  also  more  easily  worked  than  those  from 
sandstones. 

It  has  been  asserted  that  slickensides  never  occur  in  the  sand- 
stones of  the  Yorkshire  lead  mines,  but  this  is  not  absolutely 
correct,  since  in  the  Grassington  Mines  a  slickenside  Avas  met 
with  in  that  rock,  where,  for  a  distance  of  nearly  seventy  yards, 
it  formed  the  only  division  between  two  veins.  In  both  areas, 
the  majority  of  the  lodes  are  nearly  parallel  to  one  another,  while 
the  remainder  run  counter  to  them  and  form  intersections. 

The  predominant  direction  of  the  principal  veins  is,  in  the 
northern  mines,  north  of  east  and  south  of  west,  while  in  the 
southern  field  it  is  north  of  west  and  south  of  east.  The  former 
known  as  right-running  veins,  are,  when  intersected  by  the  cross- 
veins,  frequently  heaved  or  otherwise  affected.  In  such  cases  the 
heave  is  usually  on  the  side  of  the  oblique  angle  formed  by  the 
intersecting  planes  of  the  converging  veins.  When  one  or  both 
of  the  veins  have  been  productive  of  ore  up  to  the  point  at  which 
they  come  together,  their  yield  is,  in  the  majority  of  cases,  in- 
creased by  their  junction.  The  extent  of  the  angle  formed  by  two 
veins  is,  however,  regarded  by  the  miner  as  of  much  importance, 
since  he  considers  an  acute  angle  as  indicating  riches,  while  a 
large  one  is  believed  to  be  an  unfavourable  indication. 

Nearly  one  half  of  the  annual  production  of  lead  ore  in  York- 
shire was    in    1880    obtained    from    Arkengarth    Dale,  but  East 
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Craven  Moor,  Keld  Heads,  and  Old  Gang  are  still  among  the 
productive  mines.  The  total  yield  of  the  Yorkshire  mines  during 
the  year  1881  amounted  to  4,171  tons  of  lead  ore,  equivalent  to 
8,040  tons  of  lead,  and  4,115  oz.  of  silver. 

In  ]894  Arkendale  and  Old  Gang  mines  together  produced 
430  tons  of  lead  ore,  whilst  the  Pateley  Bridge  district  in  the 
West  Riding  produced  705  tons,  making  the  total  for  Yorkshire 
1,135  tons  of  ore,  yielding  762  tons  of  lead,  and  worth  £6,740. 

The  Carboniferous  limestones  of  Derbyshire  rise  to  the 
surface  over  large  areas,  and  are  deeply  cut  into  by  numerous 
picturesque  valleys,  but  the  base  of  the  series  is  nowhere 
exposed.  The  total  thickness  of  the  rocks  of  this  age  is  about 
1,500  feet,  and  instead  of  there  being  one  bed  of  intruded  trap, 
as  in  the  northern  counties,  there  are  here  three  distinct  beds  of 
an  igneous  rock,  locally  known  as  loadstone,  interpolated  between 
four  thick  beds  of  limestone. 

According  to  Mr.  Wallace,  the  series  of  beds  comprehended 
between  the  top  of  the  Great  Limestone  and  the  Grindstone  Sill 
in  Alston  Moor,  corresponds  with  the  Limestone  Shale  of  Derby- 
shire, the  thickness  of  the  two  being  nearly  the  same ;  on  the  other 
hand  the  Millstone  Grit,  which  is  fully  developed  in  Alston  Moor, 
will  correspond  to  the  Grits  of  Derbyshire  and  Wensleydale. 

The  mineral  deposits  of  Derbyshire  comprehend  rake  veins, 
pipe  veins,  and  flats,  besides  which  cross-fissures  in  the  limestone, 
known  as  serins,  sometimes  enclose  small  quantities  of  lead  ore. 
Few  veins  are  metalliferous  either  in  the  Millstone  Grit  or  in  the 
shales,  the  great  majority  being  profitably  worked  in  the  limestone 
only.  When  a  lode  reaches  the  toadstone,  it  usually  either  ceases 
entirely,  or  passes  through  it  as  a  narrow  cleft  containing  no  ore. 
In  the  limestone  beneath  the  toadstone  a  vein  is  sometimes  found 
to  have  resumed  its  original  condition,  but,  generally  speaking,  the 
workings  of  the  smaller  mines  are  exclusively  confined  to  one  bed 
of  limestone. 

In  161  out  of  180  observed  cases,  the  lode  is  stated  to  have 
entirely  disappeared  in  the  toadstone,  while  in  nineteen  cases  the 
vein  passed  through  it.  As  B.  v.  Cotta  however  remarks,  these 
results  cannot  be  regarded  as  altogether  reliable,  since,  from  the 
point  of  view  of  a  practical  miner,  a  vein  which  passed  through  the 
trap  in  the  form  of  an  unproductive  fissure  would  probably  be 
regarded  as  having  ceased  to  exist.  The  prejudicial  influence  often 
apparently  exercised  by  this  rock  upon  the  production  of  lead 
veins,  at  one  time  regarded  as  acting  almost  universally,  has  more 
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recently  been  found  not  to  be  without  important  exceptions.  The 
Mill  Close  Mine  in  Darley  Dale,  which  has  for  some  years  been 
the  most  productive  in  the  county,  is  worked  between  shale  on 
one  side  and  toadstone  on  the  other.  Some  of  the  rake  veins, 
however,  throw  the  strata,  and  in  such  cases  it  would  appear  that 
the  vein  fissure  must  have  divided  all  the  beds  including  the  toad- 
stones.  In  some  instances  the  veinstone  itself  is  found  divided 
longitudinally  for  considerable  distances,  with  the  contact  surfaces 
often  highly  polished.  These  slickensides  are  ribbed  or  slightly 
fluted  horizontally,  and  sometimes  after  one  side  is  removed,  so 
as  to  give  room  and  relieve  pressure,  fragments  fly  off,  occasionally 
with  loud  explosions,  and  continue  to  do  so  for  many  days.^  The 
toadstone,  of  which  there  are  three  beds,  is  a  dark,  compact  rock, 
sometimes  closely  resembling  basalt,  but  more  commonly  softened 
by  decomposition,  and  often  presenting  an  amygdaloidal  structure. 

Each  of  the  beds  averages  from  sixty  to  seventy  feet  in  thick- 
ness, and  preserves  its  course  between  the  strata  of  limestone  for 
many  miles  uninterruptedly.  It  is  somewhat  doubtful  whether 
these  layers  of  igneous  rock  are  to  be  regarded  as  lava-flows  con- 
temporaneous with  the  deposits  of  limestone,  or  as  subsequent 
injections  into  fissures  parallel  with  the  stratification.  De  la  Beche 
regarded  them  as  contemporaneous  flows ;  Sedgwick,  on  the  other 
hand,  believed  them  to  be  subsequent  injections.  Jukes  pointed 
out  that  each  of  them  is  probably  the  result  of  not  merely  one 
eruption,  but  rather  consists  of  different  flows  proceeding  from 
distinct  vents  and  uniting  into  one  sheet  along  a  common- floor. 
The  most  productive  mines  have  been  worked  in  the  First  Lime- 
stone, and  perhaps  the  least  so  in  the  fourth  stratum  of  that  rock, 
which  does  not,  generally  speaking,  appear  to  carry  any  large 
amount  of  ore. 

The  production  of  lead  ore  in  Derbyshire  in  1881  amounted  to 
3,834  tons,  equivalent  to  2,875  tons  of  metallic  lead.  These  ores 
are  exceedingly  poor  for  silver.  The  Mill  Close  Mine  yielded 
during  1881  more  than  one-third  of  all  the  lead  produced  in  the 
county.  Four  others  afforded  from  265  to  545  tons  of  lead  ore 
each ;  the  balance  having  been  made  up  by  the  yield  of  above 
forty  small  mines.  This  is  one  of  the  few  counties  in  which  lead- 
mining  does  not  show  a  serious  falling  off,  its  production  for  1894 
having  been  5,188  tons  of  ore,  equivalent  to  3,569  tons  of  metallic 
lead. 

^  General  View  of  the  Ayrictdture  and  Minerals  of  Derhyshire,  by  John  Farey, 
Sen.     London,  1811,  i.  p.  250. 
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Derbyshire  has  yielded  varying  amounts  of  manganese  ore, 
that  at  times  assumed  considerable  importance.  It  occurs  mostly 
as  earthy  black  wad,  the  principal  centre  of  production  being  the 
neighbourhood  of  Elton.  It  appears  to  occur  as  irregular  bedded 
deposits  rarely  over  two  feet  thick  and  not  of  any  great  extent, 
but  apparently  formed  as  a  stratified  deposit.  In  1894  the  output 
was  only  36  tons. 

The  celebrated  copper  mines  of  Ecton^  are  situated  on  the 
borders  of  Staffordshire  and  Derbyshire.  The  principal  deposit, 
which  as  early  as  the  year  1778  had  been  worked  to  a  depth  of 
200  fathoms,  is  a  pipe  vein,  piercing  the  highly-contorted  lime- 
stone beds  almost  vertically.  There  are  eight  main  lodes  cours- 
ing E.  and  W.,  and  the  same  number  of  N.  and  S.  veins,  together 
with  many  smaller  branches.  The  upper  portions  of  the  lodes 
contain  galena,  poor  in  silver,  and  blende  with  copper  ores, 
the  latter  predominating  in  the  lower  levels.  The  principal 
ores  are  chalcopyrite  and  erubescite,  and  with  these  occur  oxides 
and  carbonates.  The  vein  stuff  is  composed  of  very  transparent 
calcite,  which  is  sometimes  of  a  bright  yellow  colour,  colourless 
or  bluish  fluor  spar  frequently  enclosing  crystals  of  chalcopy- 
rite, barytes,  chalybite,  iron  pyrites,  and  calamine.  The  veins 
sometimes  attain  a  great  thickness ;  being  in  one  case  as  much 
as  seventy  yards  from  side  to  side.  From  an  historical  point 
of  view  the  Ecton  Mine  is  interesting,  as  it  was  here  that 
blasting  was  first  introduced  into  England.  Bishop  Watson  ^ 
states  that  he  had  seen  the  smithy  in  which  the  first  borer  ever 
used  in  England  was  made,  and  that  the  first  shot  fired  was  in 
the  Ecton  Mine.  This  borer  must  have  been  made  for  the  Ger- 
man miners  whom  Prince  Eupert  brought  over  in  1036  to  work 
the  mine,  and  traces  of  whose  work  may  still  be  seen  in  the  so-called 
"  Dutchman's  "  adit. 

From  1760  to  the  end  of  1768,  namely,  eight  years,  the  Ecton 
Mine  yielded  5,862  tons  of  copper  ore  worth  £57,494  Ss.  1^/.  From 
March  9th,  1776,  to  December  27th,  1817,  53,857  tons  13  cwts. 
of  ore  were  raised,  containing  copper  of  the  value  of  £677,112 
14s,  Sd.  and  yielding  a  net  profit  of  £244,734  lls.^  The  ore 
appears  to  have  generally  yielded  a  produce  of  about  15  per  cent, 
of  cojDper, 

^  W.  Pryce,  Mineralorjia  Cormibiensis,  1778,  p.  81.     J.  Mawe,  Mineralogy  of 
Derhyshire,  1802,  p.  109. 

^  Chemical  Essays,  1781,  i.  p.  332. 

^  Statement  furnished  bj'  Mi-.  R.  Taylor. 
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Wales. 


Ieon  Ores. — The  production  of  red  hsematite  in  South  Wales 
is  very  small,  since  at  the  present  time  there  appear  to  be  no 
mines  working  upon  this  ore.  Some  years  ago  a  deposit  of  this 
mineral  was  opened  at  Cwm  ^lountain,  in  Flintshire,  at  a  short 
distance  from  the  famous  lead  mine  of  Talargoch.  The  ore 
here  occurs  in  the  form  of  a  breccia  composed  of  angular  frag- 
ments of  haematite,  cemented  together  by  crystalline  calcite 
stained  a  brick-red  colour  by  diffused  oxide  of  iron.  This  ore, 
which  is  found  in  irregular  pockets  in  the  Carboniferous  lime- 
stone, is  accompanied  by  brown  haematite,  which  occasionally 
assumes  the  form  of  octahedral  crystals,  probably  pseudomorphs 
after  magnetite. 

An  oolitic  variety  of  calcareous  red  haematite  occurs  in  the 
Lower  Limestone  shales  at  Whitchurch,  in  Glamorganshire,  but 
on  tracing  the  bed  for  a  short  distance  either  in  an  easterly  or 
westerly  direction,  it  is  found  to  become  gradually  changed  into 
an  encrinital  limestone.  The  coal-measures  of  South  Wales  are 
naturally  divided  into  two  series,  the  upper  and  the  lower.  These 
are,  over  the  whole  area  of  the  field,  separated  from  one  another  by 
hard  siliceous  beds,  which  sometimes  pass  into  conglomerate,  and 
are  locally  known  as  the  Cockshute  or  White  Bocks.  The  hardness 
of  these  beds,  together  with  the  large  amount  of  water  which  they 
contain,  ahvays  presents  formidable  obstructions  to  sinking  through 
them.  The  upper  series  contains  but  little  iron  ore,  although"  the 
lower  one,  sometimes  called  the  Iron-ljearing  Measures,  compre- 
hends numerous  valuable  deposits  of  clay  ironstone.  At  its  eastern 
outcrop  the  coal  of  the  lower  measures  is  bituminous,  but  gradually 
changes  its  character  when  followed  in  a  westerly  direction,  until, 
after  passing  the  great  fault  of  the  Yale  of  Neath,  it  becomes  true 
anthracite.  The  coals  of  the  upper  series  are  everywhere  bitumin- 
ous, even  when  anthracite  is  found  in  the  beds  below.  The  rocks 
in  which  the  coal  and  ironstone  of  this  series  are  imbedded  are 
known  as  the  Pennant  Bocks. 

The  lower  or  iron-bearing  measures  extend  over  the  whole  coal- 
field, and  the  principal  beds  of  ironstone  are  found  in  the  lowest 
strata.  The  ironstone  is  usually  richest  towards  the  eastern  bound- 
ary of  the  field,  but,  although  the  yield  of  iron  is  less  considerable, 
the  thickness  increases  in  going  west.  Near  the  eastern  extremity 
of  the  basin,  w^hich  is  the  great  iron-producing  district  of  South 
Wales,  the  southern   outcrop  dips  very  rapidly,  while  the  dip  of 
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the  more  northern  is  less  considerable.  The  highest  part  of  the 
basin  in  which  ironstone  has  been  profitably  worked  is  a  bed  of 
blackband  occurring  on  the  top  of  the  Mynyddysllwyn  seam  of 
coal.  This  ironstone,  like  that  which  receives  the  same  name 
in  Scotland  and  North  Staffordshire,  contains  a  sufficient  amount 
of  carbonaceous  matter  to  effect  its  calcination  without  any 
additional  fuel.  The  bed,  although  irregular,  is  sometimes 
several  feet  in  thickness,  and  occurs  as  a  series  of  unconnected 
basins.  The  next  ironstone  bed  occurs  over  the  coal,  known  on 
the  north  outcrop  at  Dowlais  as  the  Old  Man's  Coal  or  Gwr-hyd 
Coal,  while  at  Abercarn  and  Risca,  on  the  southern  outcrop,  ,:it 
receives  the  name  of  the  Charcoal  Seam  and  Rock  Vein  resj^ec- 
tively.  This  is  also  a  seam  of  blackband,  and  is  worked  at 
Abercarn  under  similar  conditions  to  the  Mynyddysllwyn  bed  ;. 
considerable  quantities  of  this  ore,  which  works  well  in  the  furnace, 
have  been  raised.  These  irregular  beds  are  the  only  seams  of 
ironstone  that  have  been  worked  in  the  upper  series. 

The  lower  series  contains  so  many  strata  of  ironstone  alterna- 
ting with  coals  and  shales  that  it  would  be  impossible  even  to 
notice  all  of  those  which  have  been  more  or  less  worked ;  many  of 
them  are  not  persistent  over  the  whole  field,  and  consequently 
vary  in  thickness  within  comparatively  short  distances.^  Many 
of  the  ironstones,  however,  exhibit  a  marked  similarity  both  in 
structure  and  composition  throughout  a  large  j)ortion  of  the 
district,  and  there  can  be  little  doubt  that  some  of  them  exist 
as  continuous  beds.  The  Three-quarter  Balls,  which  in  all  the 
eastern  parts  of  the  coal-field  are  traversed  by  numerous  fissures 
containing  quartz,  calcite,  spat  hose  iron  ore,  millerite  and  hatchet- 
tine,  may  be  quoted  as  an  example.  The  ironstone  measures  of 
South  Wales  are  exceptionally  regular  and  well  developed  near 
Ebbw  Vale,  where  they  are  extensively  mined,  as  they  are  also 
at  Blaenafon,  Pontypool,  Abercarn,  Dowlais,  &c.  These  ironstones 
in  their  raw  state  contain  from  twenty-one  to  thirty-eight  per 
cent,  of  metallic  iron,  in  addition  to  which  traces  of  copper,  lead, 
and  even  silver,  are  sometimes  present.  The  annual  production 
of  ironstone  from  the  coal-measures  of  South  Wales  was  about 
170,000  tons  in  1880,  but  very  large  quantities  of  haematite  and 
other  ores  are  imported  from  Whitehaven,  Lancashire,  and  else- 
where, for  supplying  the  iron-works  of  the  district. 

In  South  Wales  the  loAver  beds  of  the  Permian  series  sometimes 
carry  some  haematite,  but  such  deposits  are  of  a  local  character  only, 

^  "The  Iron  Ores  of  Great  Britain,"  Mem.  Geol.  Survey,  part  iii.,  South  Wales. 
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and  are  xisually  found  in  basin-like  hollows.  One  of  these  basins, 
opened  some  years  since  at  Mwyndy,  near  Llantrissant,  has  yielded 
large  quantities  of  ore,  and  had  evidently  been  extensively  worked 
at  some  long  past  and  forgotten  period,  since  numerous  old  work- 
ings, together  with  tools  and  other  relics,  Avere  discovered  in 
re-opening  the  mine.  A  similar  deposit  occurs  at  Gwar  Coch, 
about  two  miles  north  of  Forth  Caul.  It  overlies  the  limestone, 
and  sometimes  contains  as  much  as  35  per  cent,  of  oxide  of  man- 
ganese, thus  almost  giving  it  the  character  of  a  manganese  ore. 

According  to  the  returns  of  the  Mining  Record  Office,  South 
Wales  produced  no  haematite  ores  in  1881,  but  during  that  year 
the  j)roduction  of  brown  iron  ore  in  South  Wales  and  Monmouth- 
shire is  stated  to  have  been  81,372  tons.  The  output  of  iron  ore 
has  been  steadily  falling  off  in  Wales,  its  place  being  more  and 
more  supplied  by  imported  ore.  In  1891  the  Principality  pro- 
duced 11,436  tons,  out  of  which  Glamorganshire  raised  11,061  tons. 

Cardiganshire  and  Montgomeryshire. — The  metalliferous 
district  of  Cardiganshire  and  Montgomeryshire  consists  of  a  tract 
of  clay  slates  and  gritstones,  chiefly  of  Cambrian  age,  extending  for 
a  distance  of  about  forty  miles  in  a  N.N.E.  and  S.S.W.  direction,, 
and  varying  in  width  from  five  to  twenty-two  miles.^  Large  areas 
in  this  district  do  not  appear  to  contain  mineral  veins,  and  those 
which  do  so,  and  which  are  known  to  be  productive,  are  usually 
characterised  by  some  lithological  j^eculiarity  of  their  rocks.  No 
rocks  of  igneous  origin  are  found  in  any  portion  of  this  region,  and 
the  occurrence  of  the  lodes  in  beds  belonging  to  one  epoch  only, 
renders  it  impossible  to  fix  their  geological  age  with  any  degree  of 
accuracy.  Moreover  the  direction  of  the  lodes  affords  no  clue 
for  the  determination  of  their  relative  ages,  since,  however  different 
may  be  their  strike,  no  decided  difference  can  be  observed  in  their 
filling,  neither  is  there,  on  the  other  hand,  any  such  evidence 
of  the  passage  of  one  through  another  as  would  allow  of  their 
being  thereby  classified  into  groups.  The  appearance  of  the 
outcrop  of  the  veins  of  this  district  is  usually  devoid  of  such 
marked  characters  as  would  attract  the  attention  of  those 
accustomed  to  find  gossans  resulting  from  the  decomposition 
of  pyritous  ores.  A  large  preponderance  of  slaty  matter  is  fre- 
quently to  be  observed  in  the  lodes  of  this  district.  Its  whole 
area  consists  of  a  succession  of  rolls  or  undulations  of  beds  which, 
in  the  main,  belong  to  the  same  series,  but  which  vary  in  character 

1  W.  W.  Smyth,  "On  the  Mining  District  of  CarcUgansIiire  and  Montgomery- 
shire," Mem.  Geol.  Survey,  ii.  part  ii.  IS'IS,  p.  655. 
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from  soft  shales,  through  many  varieties  of  slate,  flag,  and 
argillaceous  rock,  to  coarse  gritstone  and  conglomerate.  The 
zones  in  which  the  j^roductive  mines  are  situated  lie  approximately 
parallel  to  the  axes  of  the  several  undulations  referred  to,  and 
by  imao'ining  lines  of  division  to  run  in  the  same  direction, 
the  veins  of  the  district  may  be  classified  into  six  groups,  which, 
althouo-h  to  some  extent  chosen  arbitrarily,  exhibit  in  many 
respects  distinctive  characters,  and  afibrd  a  means  of  consistent 
classification. 

The  first  group  of  this  district,  beginning  on  the  west,  borders 
on  the  unproductive  grits  of  Aberystwith,  and  includes  the  once 
celebrated  mines  of  Tal-y-Bont,  Penybontpren,  Llancynfelyn, 
and  Tre'rddol,  yielding  lead  ores  containing  a  very  small  pro- 
portion of  silver,  together  with  blende  and  occasionally  a  little 
copper  pyrites.  The  lodes  are  usually  small,  and  frequently 
intersect  a  fissile  variety  of  slate,  in  which,  throughout  the  whole 
of  this  district,  they  are  rarely  productive. 

The  second  group  of  veins,  which  is  of  greater  importance, 
was  two  centuries  ago  known  as  the  "  Welsh  Potosi,"  and  returned 
enormous  wealth  to  the  adventurers  then  working  them.  The  slaty 
rocks  here  assume  a  paler  tint,  and  present  a  peculiar  silky 
lustre  ;  their  bedding  is  more  massive,  and  the  width  of  the 
veins  much  greater,  being  in  some  cases  upwards  of  twenty  feet. 
This  ore  is  usually  argentiferous,  and  the  lead  obtained  from  it 
sometimes  contains  as  much  as  thirty-eight  ounces  of  silver 
per  ton. 

The  third  division,  ranging  from  Ystrad  Meyric  to  the  Devil's 
Bridge  and  along  the  course  of  the  Rheidol,  comprehends  a  number 
of  metalliferous  veins,  varying  in  character  almost  as  completely  as 
do  the  rocks  which  they  traverse.  Thus  the  Llwyn  Malys  Lode  is 
remarkable  for  the  proportion  of  silver  contained  in  its  ores,  Fron 
Gochforits  large  deposits  of  galena  and  blende,  and  the  Estymteon 
Lode  for  its  iron  pyrites.  The  outcrops  of  others  occasionally 
afford  ores  of  manganese,  while  the  country  rock  varies  between 
gritstone,  dark  fissile  slates,  and  an  indurated  argillaceous  rock 
of  a  gray  colour,  in  which  the  productive  lodes  of  the  district 
generally  occur. 

The  fourth  band,  striking  from  Llampeter  to  the  central  range 
of  Plymlumon,  includes  the  highly  argentiferous  lead  lode  of  Llan- 
fair  Clydogau,  while  some  miles  to  the  north  are  various  lodes 
productive  of  common  lead  ores,  associated  with  blende  and 
calcite. 
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The  fifth  metalHferous  band,  ranging  along  the  east  of  the 
Plymlumon  ridge,  comprehends  the  mines  of  Cwm  Ystwyth,  and 
different  veins  worked  in  the  upper  valleys  of  the  Wye  and  Severn, 
as  well  as  the  more  important  works  of  Delife  and  the  gi-oup  of 
parallel  lodes  near  Llanbrynmair.  Beginning  with  the  elevated 
mass  on  which  the  Teifi  pools  are  situated,  the  southern  part  of  this 
division  is  characterised  by  frequent  intercalations  of  arenaceous 
matter,  which,  to  the  north,  are  succeeded  by  argillaceous  shales. 
It  is  remarkable  that,  while  throughout  the  former  area  copper 
pyrites  is  so  common  a  constituent  of  the  lodes  as  to  be  separately 
retui'ned  from  several  of  the  mines  therein  situated,  in  the  latter  it 
is  but  seldom  found. 

The  sixth  division,  although  circumscribed  on  the  east  and 
north  by  the  gritty  beds  cropping  out  from  beneath  the  Wenlock 
Shales,  comprehends  a  few  mines  in  the  neighbourhood  of  Llanidloes, 
which  are  remarkable  from  the  lead  being  accompanied  by  witherite 
and  heavy  spar,  neither  of  which  minerals  are  known  to  occur  in 
any  other  part  of  the  district. 

In  the  same  zone  might  be  included  another  group  of  lead  veins 
situated  in  the  part  of  the  district  around  Llangynnod,  at  a  distance 
of  nearly  thirty  miles  from  the  lodes  above  mentioned.  These  last 
traverse  slaty  rocks,  and  the  ores  of  lead  and  zinc  which  they  afford 
are  often  associated  with  witherite  and  heavy  spar.  The  country 
rocks  however  differ,  inasmuch  as  beds  of  porphyry  and  of  various 
crystalline  rocks  of  volcanic  origin  are  intercalated  between  the 
slates. 

The  most  general  strike  of  these  lodes  is  E.N.E.  and  W.S.W. 
Although  this  direction  is  for  short  distances  subject  to  frequent 
variations,  nearly  all  the  most  important  deposits  agree  within  a 
few  degrees  with  this  course.  The  dip  is  most  frequently  towards 
the  south,  generally  varying  between  60°  and  80°  from  the  horizon. 
In  some  cases  however  the  inclination  is  in  the  contrary  direction, 
and  the  occasional  flattening  of  the  angle  is  not  found  in  so  marked 
a  manner  as  in  some  mining  districts,  to  cause  a  diminution  of  the 
productiveness  of  a  lode. 

The  filling  material  of  the  vein  fissures  in  this  part  of  Wales  is 
for  the  most  part  slate  in  angular  fragments  of  all  sizes,  from  the 
most  minute  particles  to  large  masses  sometimes  fathoms  in  length 
and  height,  forming  horses  which  split  the  lode  into  two  or  more 
distinct  branches.  Its  most  common  associate  is  quartz,  and  upon 
the  strvicture  and  colour  of  this,  the  miner,  to  a  large  extent,  bases 
his  opinion  of  the  probable  value  of  the  lode ;  in  doing  this  he 
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makes  a  distinction  between  opaque  massive  quartz  and  the  drusy 
cellular  and  sometimes  granular  varieties  which  usually  accompany 
deposits  of  ore.  Calcite  occurs  in  small  quantities  only,  and  fluor 
spar,  which  elsewhere  is  so  common  an  attendant  of  lead  ores,  is 
here  entirely  unknown.  Galena  is  met  with  in  the  mines  of  this 
district  crystallised  either  in  cubes  or  octahedra,  or  in  combinations 
of  the  two  forms,  and  it  is  to  be  remarked  that  the  argentiferous 
varieties  are  as  often  well  crystallised  as  those  which  do  not 
contain  silver. 

Cerussite  is  sometimes  found  as  a  product  of  decomposition  on 
the  outcrops  of  a  few  lodes  only.  Blende  is  frequently  more 
plentiful  than  galena,  but  calamine  has  not  been  found  in  any  con- 
siderable quantities  excepting  in  the  Nant-y-Creiau  Mine.  Coi^per 
pyrites,  in  irregular  spots,  is  often  mixed  Avith  the  galena,  and  iron 
pyrites,  which  is  sometimes  sprinkled  in  the  form  of  cubes  through- 


Fig.  76. — EstjTnteon  Lode  ;  section. 

out  the  slate  rock,  is  found  abundantly  in  the  lodes  of  this  district. 
Chalybite  is  met  with  in  the  form  of  branches  in  the  vicinity  of 
some  of  the  veins,  and  an  ore  of  manganese  has  been  obtained  from 
old  workings  on  the  Drosgol  hill,  near  Rheidol ;  it  is,  however,  an 
impure  hydrous  oxide  of  but  little  commercial  value. 

The  various  minerals  filling  the  veins  of  these  counties  are  rarely 
disposed  with  such  regularity  as  to  lead  to  the  conclusion  that  the 
deposition  of  one  substance  had  ceased  before  that  of  another  had 
commenced  ;  they  usually  occur  in  strings  and  spots  which  are 
sometimes  parallel  for  short  distances,  but  they  more  frequently 
ramify  in  an  irregular  manner,  and  often  form  a  network  of 
branches.  Generally,  however,  it  may  be  observed  that  the  calcite 
takes  the  inner  side  of  the  quartz,  whether  occurring  in  drusy 
cavities  or  in  ribs,  and  galena  appears  to  occupy  an  analogous 
position  with  regard  to  blende.  A  structure  of  this  kind,  varying 
constantly  in  its  details,  exhibited  by  the  Estymteon  lode,  is  repre- 
sented in  Fig.  76,  in  which  a  is  copper  pyrites,  h  quartz,  c  blende, 
d  iron  pyrites,  and  c  galena. 

When  a  deposit  is  of  considerable  thickness  the  metalliferous 
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portion  of  it  frequently  exhibits  a  tendency  to  form  in  bands,  and 
wherever  one  of  these  becomes  wedged  out,  another,  and  nearly 
parallel  stripe,  commences,  forming  a  splice,  as  shown  in  Fig.  77, 
in  which  a  and  h  represent  two  separate  and  nearly  parallel  masses 
of  ore  which  form  a  splice  with  overlapping  ends.  As  before 
mentioned,  the  structure  of  the  veinstones  of  this  part  of  Wales  is 
frec^uently  brecciated,  angular  fragments  of  slate  being  united  by  a 
cement  consisting  either  of  Cjuartz,  galena,  or  blende,  while  more 
rarely,  a  ground-mass  of  calcite  encloses  angular  pieces  of  galena, 
chalcopyrite,  or  blende. 

Cross-courses,  generally  filled  with  clay,  but  sometimes  appear- 
ing as  mere  partings  in  the  rock,  are  not  unfrequent,  and 
occasionally  heave  the  lodes  for  a  distance  of  several  feet ;  they 
are,  however,  less  common  than  in  many  other  mining  districts. 
The  country  rocks  on  the  opposite  sides  of  many  of  the  lodes  have 
been  affected  by  unequal  movements  resulting  in  the  displacement 
of  one  or  both   of  the   walls ;  but,  from   the   absence    of  easily 


Fig.  77. — Vein  forming  a  splice. 

I'ecognised  beds,  it  becomes  difficult  to  measure  any  change  of 
level  which  may  have  taken  place. 

Numerous  facts  have  been  observed  with  regard  to  the  ore- 
bearing  portions  of  these  lodes  which  are  in  perfect  accordance 
with  the  experiences  of  other  districts.  Thus  when  two  lodes 
approach  one  another  under  a  small  angle,  their  junction  is  usually 
marked  by  an  expansion  of  the  deposit  of  ore,  and  a  similar  effect 
is  produced  when  branches  or  short  veins  fall  into  the  principal 
lode ;  the  effect  being  the  same  whether  this  falling  together  of 
the  branches  takes  place  along  the  line  of  strike  or  on  that  of  the 
dip.  The  same  result  is  observed  in  a  greater  degree  where  two 
or  more  lodes  become  united  into  one.  The  productive  portions 
of  the  lodes  are  generally  more  continuous  in  their  vertical  than 
in  their  horizontal  range,  and  they  have  most  frequently  an 
inclination  towards  the  west.  From  this  circumstance  it  might  be 
inferred  that  they  run  parallel  to  the  bedding  of  the  more  metal- 
liferous rocks,  but  Sir  Warington  Smyth  is  inclined  to  believe  that 
they  more  frequently  conform  to  the^planes  of  cleavage  of  the  country 
rock  than  to  those  of  its  bedding.  The  lead  veins  of  this  part  of 
Wales  differ  materially  from  those  of  Cornwall  in  one  important 
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point,  namely,  tliat  whenever  they  pass  from  a  harder  to  a  softer 
rock  their  mineral  contents  decrease  in  quantity. 

In  the  year  1881,  the  most  important  operations  carried  on  in 
Cardiganshire  were  those  of  the  Lisburne  Mines,  which  produced 
during  that  year,  1,005  tons  of  lead  ore,  and  3,550  oz.  of  silver. 
The  most  productive  mine  of  Montgomeryshire  during  the  same 
j)eriod  was  the  Van,  yielding  2,600  tons  of  lead  ore,  1,400  tons  of 
blende,  and  23,400  oz.  of  silver. 

In  common  with  nearly  every  other  British  lead-mining 
district,  these  counties  show  a  marked  falling  off  in  recent  times. 
Their  production  for  1894  was  as  follows  : — 

Lead  ore. 
Tons. 

Cardiganshire 323 

iloiitgomeryshire    .    .    .      502 

Nearly  all  the  zinc  ore  was  produced  by  one  mine,  Fron  Goch  at 
Devil's  Bridge,  which  raised  2,645  tons.  This  mine  w^as  also  the 
principal  lead  producer  in  its  county,  the  Van  mine  being 
practically  the  only  one  in  Montgomeryshire. 

Merionethshire. — This  county  comprehends  no  extensive  or 
largely  productive  metalliferous  areas,  but  is  remarkable,  inas- 
much as  some  of  its  rocks  enclose  veins  which  have  been  long 
known  to  be  auriferous.  The  gold-bearing  district  would  appear 
to  be  mainly  confined  to  about  twent3^-five  square  miles  of  the 
county  lying  on  the  north  of  the  turnpike  road  leading  from 
Dolgelly  to  Barmouth.  In  this  district  the  Cambrian  rocks  are 
overlain  by  others  of  Silurian  age,  and  about  half  way  between 
the  two  j)laces,  a  stream  w^hich  descends  from  the  higher  range  of 
LlawUech  discharges  its  waters  into  the  Mawddach  river  below 
Pontddu.  On  either  side  of  this  rivulet  rises  a  mountain,  one 
being  the  Vigra  and  the  other  the  Clogau,  in  both  of  which 
copper  mines  have  been  worked  intermittently  for  many  years. 
Among  the  mines  which  at  one  period  attracted  the  greatest 
amount  of  attention  are  the  Vigra  and  Clogau,  the  Dol-y-frwynog 
the  Cefn  Coch,  and  the  Prince  of  Wales. 

So  lono-  ago  as  the  year  1844,  a  paper  was  read  before  the 
British  Association  by  Mr.  Arthur  Dean,  w^ho  stated  that  a  com- 
plete system  of  auriferous  veins  existed  throughout  the  whole 
Snowdonian  region  of  North  Wales.  In  consequence  of  this  and 
of  equally  sanguine  statements  made  by  others,  mining  operations 
were  shortly  afterwards  commenced  at  Cwm  Eisen,  but  the  results 
obtained   being  unsatisfactory,  the  mine  was  abandoned.     About 
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two  years  subsequently  to  this,  machinery  for  crushing  and 
amalgamation  was  erected  at  Dol-y-frwynog,  but  the  treatment 
of  several  hundred  tons  of  veinstone  having  resulted  in  the  pro- 
duction of  only  a  small  amount  of  gold,  the  operations  were 
suspended. 

Among  the  auriferous  veins  which  have  from  time  to  time 
been  worked  in  North  Wales,  that  opened  in  the  Clogau  Mine 
has  been  in  operation  for  the  longest  time  and  has  produced  a  con- 
siderable amount  of  gold.  At  Clogau  the.  workings  have  been 
exclusively  conducted  upon  the  St.  David's  or  Gold  Lode,  which  is 
situated  nearly  a  mile  further  north  than  that  formerly  worked  for 
■copper.  At  a  short  distance  north  of  the  St.  David's  Lode,  the 
massive  greenish  grits  of  the  Cambrian  system  emerge  from 
beneath  highly  inclined  beds  of  Lower  Silurian  age.  The  vein, 
which  courses  nearly  E.  and  W.,  is  often  from  two  and  a  half  to 
nine  feet  in  width,  and  commonly  lies  between  two  distinct  walls, 
especially  on  the  southern  side ;  it  is  usually  almost  perpendicular, 
but  sometimes  dips  slightly  towards  the  north. 

It  is  chiefly  composed  of  quartz  and  calcite,  the  latter  mineral 
sometimes  forming  masses  of  several  feet  in  width ;  where  the 
calcite  assumes  the  appearance  of  a  friable  and  granular  marble, 
it  not  unfrequently  contains  gold,  but  when,  on  the  contrary,  it 
becomes  foliated  or  is  coarsely  granular,  that  metal  appears  to  be 
entirely  wanting.  Spots  of  iron  pyrites  and  chalcopyrite  are 
frequently  scattered  through  the  veinstone,  which  circumstance 
caused  the  vein  to  be  originally  regarded  as  a  coj^per  lode.  Frag- 
ments of  the  country  rock  are  often  included  in  the  vein,  and  a 
few  yellowish  metallic  points  and  crystalline  spangles  and  plates 
of  gold  are  sometimes  disseminated  in  the  lode.  With  the  gold  is 
not  unfrequently  associated  the  compound  of  tellurium,  bismuth 
and  sulphur,  known  as  tetradymite,  which  occurs  in  crystalline 
scales  of  silvery  whiteness  and  of  brilliant  metallic  lustre.'^  The 
laminae  of  the  country  rock  on  either  side  of  the  lode  strike  only 
a  few  degrees  more  to  the  N.  of  E.  than  the  lode  itself,  and  they 
are  consequently  intersected  at  so  small  an  angle  that  in  places 
where  the  lode  is  somewhat  obscure  it  occasionally  requires  care 
on  the  part  of  the  miner  to  prevent  turning  off  into  the  country 
rock.  Another  noticeable  feature  of  this  vein  is  the  frequent 
occurrence  of  nearly  horizontal  planes  of  division  crossing  it 
from  one  side  to  the  other.     In  width  the  St.   David's  Lode  is 

^  W.   W.   Smyth,    "Gold   Mining   at   Clogau,    North    Wales,"    Jlining   and 
Smeltmy  Mayazine,  i.  1861,  p.  359. 
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even  more  than  usually  variable,  for  although,  as  before  stated,  it 
is  sometimes  nine  feet  in  width,  at  others  it  is  reduced  to  a  mere 
fissure. 

The  experience  acquired  from  the  working  of  this  and  other 
gold  veins  in  North  Wales  goes  to  show  that  the  only  remuner- 
ative material  is  that  small  proportion  of  the  lode  which  contains 
visible  gold,  and  that  this  is  not  usually  present  in  sufficient 
quantities  to  pay  the  expenses  of  mining,  &c. ;  several  rich  bunches 
of  gold  quartz  have,  however,  been  found  in  the  St.  David's  Lode, 
and  for  a  short  time  the  Vigra  and  Clogau  Mines  were,  on  a 
comparatively  small  scale,  very  profitable. 

The  total  weight  of  gold,  of  an  average  value  of  £8  4s.  per  oz. 
obtained  in  North  Wales  from  the  end  of  1844  to  April,  1866,  is 
estimated  as  follows : — 

Oz. 

Old  Dol-y-frwynog 117 

Prince  of  Wales 63 

Cwm  Eisen 176 

Gwyn-frwynog 6 

Cefn  Coch 478 

Castell  Cam  Dochan 182 

Vigra  and  Clogau 11,778 

12,800 

Only  a  very  small  quantity  of  gold  was  obtained  from  the 
Welsh  mines  during  the  twenty  years  following  1866.  Mining 
operations  were,  however,  for  some  years  carried  on  at  Clogau 
with  the  view  of  reaching  the  St.  David's  Lode  at  a  greater 
depth  than  any  at  which  it  had  been  hitherto  worked.  Shortly 
after  the  intersection,  in  1881,  of  the  lode  by  this  deep  cross-cut, 
it  was  understood  that  about  225  oz.  of  gold  had  been  obtained 
from  a  level  driven  upon  its  course,  but  no  announcement  of  any 
further  discovery  was  made. 

In  fact,  Welsh  gold  mining  remained  practically  neglected  until 
1888.  In  the  previous  year  a  lot  of  rich  specimen  ore  was  taken 
out  of  a  reef  about  eight  miles  north-west  of  Dolgelly,  and  the 
Morgan  Gold  Mining  Company  was  floated  in  London  on  the 
strength  of  these  finds  ;  after  a  chequered  career  the  Company  had 
to  suspend  operations,  but  the  mine  was  refloated  as  the  British 
Gold  Mining  Company  and  seems  now  (1895)  to  be  doing  well. 
It  is  worth  noting  that  work  can  be  carried  on  here  under  very 
economical    conditions,    ample    water   power    being   available    for 
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driving  all  the  machinery.  The  reef  which  seems  in  places  to  sjalit 
into  a  number  of  branches  runs  about  east  and  west,  and  has  a 
steep  dip  of  about  80°  to  the  north.  The  footwall  consists  of  gray, 
the  hanging  of  blae  slates,  whilst  a  porphyritic  dyke  appears  to 
traverse  these  rocks  not  very  far  from  the  hanging  wall  of  the  reef. 
The  strike  of  the  slates  seems  to  be  parallel  or  nearly  so  to  that  oi 
the  reef,  but  their  rather  obscure  dip  seems  to  be  in  the  opposite 
direction.  The  width  of  the  lode  varies  from  four  feet  to  twenty  or 
more,  and  encloses  numerous  horses  of  slate  ;  it  consists  of  very 
white  quartz,  much  mineralised  in  places,  chiefly  with  iron  pyrites, 
arsenical  pyrites,  zinc  blende,  galena,  and  copper  pyrites.  The 
bulk  of  the  reef  is  low  grade,  say  about  five  dwts.  of  gold  to  the  ton, 
and  shows  but  little  visible  gold  ;  from  time  to  time  patches  or 
shoots  of  rich  ore  are  met  with,  showing  much  free  gold  and 
yielding  numerous  fine  specimens ;  one  of  the  largest  of  these 
shoots  was  traced  for  a  length  of  over  300  feet.  It  would  seem 
that  the  mass  of  the  reef,  if  worked  on  a  large  scale,  ought  to 
about  pay  expenses,  and  that  any  rich  pockets  or  shoots  that  may 
be  cut,  should  yield  a  j)rofit.  In  1894  this  mine  produced  5,083 
tons  of  ore  yielding  3,063^  ounces  of  gold,  valued  at  just  over 
£10,000.  The  total  production  of  this  district  for  the  same  year 
was  as  follows  : — 

Ore  ... 6,603  tons. 

Gold  obtainable    ....      4,23.5     „     (worth  £14,811). 
Value  at  mine  ....       £13,. 573 

The  annexed  table  shows  the  production  of  the  district  since 
the  recent  revival  in  gold  mining  : — 

Ore.  Gold.               Estimated  value  at  Mine. 

Tons.  Oz.  £, 

1888 3,844  8,745  27,300 

1889 6,226  3,890  10,746 

1890 575  206  434 

1891 14,117  4,008  12,200 

1892 9,991)  2,8.35  9,168 

1893 4,489  2,.309  7,657 

1894 6,603  4,235  13,573 

In  the  Mawddach  valley,  a  little  below  Tyn-y-groes,  but  on  the 
other  side  of  the  river,  is  the  Glasdir  Copper  Mine,  where  the  ore 
instead  of  being  contained  in  a  lode,  is  disseminated  in  a  bed  of 
altered  slaty  rock.  The  iron  j^yrites  and  chalcopyrite  which  here 
occur  are  found  in  the  vicinity  of  the  branches  of  an  eruptive 
felspathic  rock  which  has  broken  through  the  slate  in  all  directions. 
When  j)repared  for  market  this  ore  yields  only  a  small  percentage 
of  copper,  but  contains  a  little  silver,  and  from  one  to  one  g,nd  a 
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half  ounces  of  gold  jDer  ton.     The  annual  returns  from  this  mine 
were  very  inconsiderable. 

Beds  of  carbonate  of  manganese  with  some  silicate,  the  outcrops 
of  which  have  been  to  some  extent  changed  into  black  oxide,  occur 
intercalated  between  sandstones,  grits  and  conglomerates  of  the 
Cambrian  formation,  and  have  been  mined  to  some  extent.  The 
beds  vary  from  one  to  two  feet  in  thickness,  and  yield  ore, 
averaging  about  twenty-seven  per  cent,  of  metal,  which  is  used  in 
Spiegel  making.  These  deposits  are  evidently  symphytic  and 
belong  to  group  h  of  that  class.  Fig.  78  taken  from  a  paper  by 
E.  Halse,^  shows  the  mode  of  occurrence  of  these  deposits ;  the 
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Fig.  vs. — Section  of  Merionethshire  Manganese  Deposit. 

section  is  taken  at  a  point  where  two  beds  of  manganese  are  found, 
but  this  is  by  no  means  usual  and  may  be  looked  upon  as  the 
exception.  One  mine,  Rhinog,  at  Llanbedr  yielded  over  1,000  tons 
in  1894,  and  the  output  of  the  entire  country  was  1,683  tons. 
Though  not  a  large  production  and  though  the  ore  is  far  poorer 
than  that  wrought  in  other  parts,  it  forms  the  leading  factor  in 
British  manganese  mining,  the  total  production  of  Great  Britain 
for  the  same  year  having  been  only  1,809  tons,  the  imports  of  ore 
into  this  country  being  just  about  seven  times  as  much  as  the 
production,  which  has  entirely  changed  its  complexion  and  has 
fallen    off    until    these    bedded    deposits    are    almost   the    only 

1  "Manganese  in  Merionethsliire."  Trans.  X.E.  Inst.  Min.  Eng.,  xxxvi.  1886, 
p.  103. 
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manganese  mines  worked  in  the  kingdom.  These  deposits  were 
first  worked  about  the  year  1885,  the  total  production  of 
Merionethshire  having  been  as  follows  : — 

1886 11,286  tons. 

1887 12,391 

1888 4,006 

1889 8,671 

1890 12,018 

1891 8,990 

1892 5,119 

1893 .       635 

1894 1,683 

Flintshire  and  Denbighshire. — In  this  mining  area  a  long 
series  of  parallel  veins  course  across  the  Mountain  Limestone  into 
the  Millstone  Grit,  and  are,  further  east,  only  observable  as  faults 
in  the  coal-measures.  These  veins  are  intersected  by  a  system  of 
strongly  marked  cross-courses,  which  are  traceable  for  many  miles 
in  length.  They  are  usuall}?^  barren,  but  exceptionally,  as  in  the 
neighbourhood  of  Holywell,  they  have  afforded  large  quantities 
of  lead  ore.  In  former  times  almost  fabulous  amounts  of  lead 
Avere  obtained  from  these  mines,  the  galena  having  been  fre- 
quently found  in  a  state  of  purity  and  solidity  not  often 
equalled  elsewhere.  When  unproductive,  these  veins  are  usually 
filled  either  with  opaque  calcite  or  with  plastic  clay,  and  the 
operations  of  the  miner  are  often  impeded  by  an  unusually  large 
influx  of  water.  The  most  remarkable  mines  of  this  district  have 
been  Talargoch,  near  Rhyl,  and  Minora,  six  miles  north-west  of 
Wrexham. 

Many  of  the  lead  mines  in  this  district,  and  particularly  some 
of  those  in  the  neighbourhood  of  Mold,  have  been  remarkable  for 
the  large  quantities  of  white  lead  ore,  cerussite,  which  they  have 
yielded  when  the  veins  intersect  the  sandstones  of  the  Millstone 
Grit.  Large  quantities  of  this  ore  have  also  been  obtained  from 
pipe  veins  which  had  possibly  been  cavities  produced  by  the  action 
of  water,  and  subsequently  filled  with  various  mineral  substances 
brought  into  them  in  a  state  of  solution,  or  else  may  have  been 
formed  by  metasomatic  action. 

jMinera,  which  was  some  years  ago  the  most  productive  lead 
mine  in  Great  Britain,  occupies  a  considerable  portion  of  a  patch 
of  Mountain  Limestone  which  has  been  disrupted  by  faults  from 
the  southern  extremity  of  the  mining  area  of  Flintshire.  On  the 
northern  side  there  is  a  downward  displacement,  while  on  the 
southern  there  is  a  throw  towards  the  east.    The  sett  comprehends 
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portions  of  the  coal-measures  and  of  the  Millstone  Grit  together 
with  certain  underlying  Silurian  rocks. 

The  Mountain  Limestone  of  this  district  rests  unconformably 
upon  Lower  Silurian  strata,  but  somewhat  further  south,  thin 
sandstones  and  slates  of  Devonian  age  are  interposed  between  the 
limestone  and  Upper  Silurian  shales.  The  Carboniferous  lime- 
stone is  here  usually  overlain  by  Millstone  Grit  varying  in  thick- 
ness from  30  to  200  feet,  and  this  is  occasionally  covered  by  true 
coal-measures ;  while  in  some  places  the  Millstone  Grit  is  entirely 
absent  and  the  coal-measures  rest  immediately  on  the  limestone. 
These  different  strata  are  frequently  much  disturbed,  and  afford 
examples  of  almost  every  description  of  mineral  vein  varying  from 
true  lodes  to  thin  branches  and  strings  of  ore,  generally  destitute 
of  veinstone.^ 

Two  principal  lodes  are  worked  in  this  mine,  namely,  the  Old 
Vein  and  the  North  or  Red  Vein.  The  Old  Vein  has  been  formed 
in  a  fissure  presenting  all  the  characteristics  of  a  fault,  with  a 
downthrow  to  the  N.E.  Its  course  is  nearly  S.E.  and  N.W.,  with 
a  dip  of  about  80°  from  the  horizon  towards  the  N.E. ;  this  vein  at 
times  swells  out  into  large  masses  of  ore  and  gangue,  the  latter 
chiefly  consisting  of  calcite  and  pulverulent  quartz  ;  it  then  again 
decreases  in  size  and  becomes  nipped  or  otherwise  impoverished. 
In  some  places  it  attains  a  thickness  of  fifteen  yards,  while  five 
yards  is  by  no  means  an  uncommon  width  ;  and  in  such  cases  two 
nearly  parallel  levels  were  sometimes  driven  at  the  same  horizon 
in  the  vicinity  of  its  walls. 

Towards  the  west  the  veins  undergo  a  change,  becoming,  them- 
selves, less  productive,  but  apparently  acting  as  feeders  to  various 
irregular  pipes  and  floors  of  lead  ore.  Under  these  conditions 
some  exceedingly  rich  deposits  of  ore  have  been  met  with,  and  the 
enormous  cavern-like  excavations  found  in  various  parts  of  the 
older  workings  sufficiently  attest  the  truth  of  statements  which 
have  been  handed  down  respecting  the  large  amounts  of  ore  which 
were  obtained  from  them.  In  this  part  of  the  mine  the  country 
rock  is  a  compact  white  limestone,  and  the  ore  deposits  are  un- 
accompanied by  veinstone  of  any  kind.  The  vein  fissures  are 
often  very  open,  and  show  evidence  of  the  action  of  carbonic  acid 
upon  the  limestone.  These  openings  form  channels  for  the  passage 
of  immense  quantities  of  water,  carrying  with  it,  in  rainy  seasons, 
a  considerable  amount  of  clay  and  sand. 

1  George  Darlington,  "Mineral  and  Geological  Sketch  of  tlie  Minera   Mining 
Field,"  Mininij  and  SmdtiiKj  Mafjazine,  ii.  1862,  d.  207. 
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Near  the  eastern  extremity  of  the  workings,  this  vein,  in  the 
upper  levels,  occurs  in  slates  and  shales  belonging  to  the  coal- 
measures  and  Millstone  Grit,  and  is  usually  very  poor.  At  a  greater 
depth  it  intersects  the  Carboniferous  limestone  and  becomes  to 
some  extent  productive  for  lead  ore,  but  instead  of  being  filled 
with  galena,  the  vein  is,  to  a  large  extent,  made  up  of  brown  blende, 
which  is  frequently  well  crystallised.  This  ore  is  mixed  with 
pulverulent  and  massive  c^uartz,  and  contains  disseminated  masses 
of  galena. 

The  North  Yein,  like  the  Old  Vein,  to  which  it  is  nearly 
parallel,  has  been  formed  on  a  line  of  fault,  and  has  a  down-throw 
to  the  N.E.,  but  apparently  to  not  quite  so  great  an  extent ;  its 
throw  however  increases  towards  the  east.  The  dej)osits  of  ore  in 
this  vein  have  often  been  exceedingly  jrare  and  massive,  frequently 
containing  not  more  than  15  per  cent,  of  impurity  as  drawn  from 
the  mine.  The  character  of  the  ore  and  its  associated  minerals 
differs  in  some  respects  from  those  of  the  Old  Vein  in  the  same 
ground.  The  ore  is  steely  and  fine-grained,  with  very  little 
admixture  of  large-grained  cubical  galena,  but  although  fine- 
grained, it  seldom  contains  above  four  ounces  of  silver  per  ton. 
Blende  is  almost  the  only  associated  mineral.  The  walls  of  this 
vein  are  very  imperfectly  defined  and  sometimes  can  scarcely  be 
said  to  exist. 

In  1864  the  Minera  Mines  produced  lead  ore  and  blende 'of 
the  value  of  £103,293 ;  of  late  years,  how^ever,  the  yield  of  lead 
ore  has  fallen  off  considerably,  although  a  larger  amount  of  blende 
has  been  annually  raised.  In  1881  these  mines  produced  1,894 
tons  of  lead  ore,  5,468  tons  of  blende,  and  6,970  oz.  of  silver;  their 
greatest  depth  in  that  year  was  158  fathoms.  In  1894  they  pro- 
duced 682  tons  of  lead  ore  and  5,715  tons  of  blende,  the  yield  of 
silver  being  2,246  ounces. 

In  1881  the  production  of  lead  ore  in  Flintshire  was  4,392  tons, 
equivalent  to  3,297  tons  of  metallic  lead,  and  29,000  oz.  of  silver. 

During  the  same  year  the  mines  of  Denbighshire  yielded  1,587 
tons  of  lead  ore,  or  1,193  tons  of  lead,  and  7,055  oz.  of  silver. 

In  1894  these  counties  produced  respectively  ores  as  shown 
below : — 

Flintshire.  Denbighshire. 

Zinc  ore 1,181  tons  5,732  tons 

Value £.3,09.5  £25,318 

Lead  ore    ...            .    .    5,435  tons  784  tons 

Lead  obtained 4,274  tons  600  tons 

Silver .36,221  oz.  2,613  oz. 

Value  of  lead  ore     .    .   £34,181  £4,858 
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Anglesea. — Parys  Mountain  is  situated  about  two  miles  inland 
from  the  northern  coast  of  the  Island  of  Anglesea,  its  barrenness 
contrasting  conspicuously  with  the  fertile  pasture  lands  of  the 
surrounding  country.  Its  height  above  the  sea  does  not  exceed 
500  feet,  but  although  the  larger  portion  of  its  surface  is  covered 
with  sufficient  soil  to  support  ordinary  vegetation,  it  nevertheless 
scarcely  produces  either  a  blade  of  grass  or  a  bunch  of  heather. 
This  mountain,  which  Avas  at  one  time  widely  celebrated  for  the 
very  large  amount  of  copper  annually  obtained  from  its  southern 
slojie,  was  in  modern  times  first  systematically  explored  in  the 
year  1768.  Since  that  period,  like  all  similar  enter23rises,  its  mines 
have  been  subject  to  numerous  fluctuations,  but  they  have,  not- 
withstanding, remained  constantly  in  operation.  They  lie  some- 
what less  than  two  miles  south  of  the  town  of  Amlwch,  and  are 
enclosed  in  a  band  of  Silurian  slate,  which  stretches  in  a  south- 
westerly direction  almost  across  the  island.     At  Parys  Mountain 


Fig.  79.— Parys  Jlountain  ;  transverse  section. 

these  slates  are  intercalated  with  bands  of  felspathic  rocks  of 
presumably  eruptive  origin,  but  which  do  not  appear  to  have 
ever  been  carefully  examined.  The  sketch  section,  Fig.  79, 
will  serve  to  explain  the  order  of  sequence  of  the  various 
rocks.^ 

The  northern  slope  of  the  mountain  consists  of  slate,  a,  in  which 
occur  small  irregular  branches  of  quartzose  and  felspathic  rock, 
together  with  occasional  bands  of  a  greenish  trap.  This  is  followed 
by  a  very  powerful  quartz  vein,  &,  which  traverses  the  hill  from  one 
side  to  the  other,  and  is  known  as  the  Carreg-y-doll  Lode.  To  this 
succeeds  a  thick  band  of  felstone,  c,  which  varies  considerably  both 
in  colour  and  in  texture.  A  band  of  deep  blue  slate,  a  ,  follows  this 
on  the  south,  and  is  itself  succeeded  by  another  band  of  felspathic 
rock,  c',  very  similar  to  the  last,  beneath  which  is  the  slate,  a' .  As 
shown  in  horizontal  section,  Fig.  80,  the  rock-mass  is  traversed  nearly 

^  T.  F.  Evans,  "The  Mines  of  the  Parys  Mountain,"  Trans.  Manchester  Geol. 
Soc,  xiv,  1878,  p.  357, 
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at  right  angles  to  the  strata  by  two  distinct  faults,  known  respec- 
tively as  the  Great  Cross-course  and  the  Carreg-y-doll  Cross-course. 
The  former  is  of  considerable  width,  varying  from  20  to  60  feet, 
filled  with  broken  and  crushed  fragments  of  the  neighbouring  rocks, 
and  interfering  considerably  Avith  the  continuity  of  the  strata.  The 
latter,  on  the  contrary,  is  a  mere  transverse  cleft  -which  has 
but  little  effect  on  the  relative  j^ositions  of  the  rocks  forming  its 
sides. 

The  central  dislocated  block  of  the  felspathic  rock,  c,  lying 
between  the  two  cross-courses  exhibits  evidences  of  decomposition 
and  disintegration  which  are  not  met  with  in  other  jDortions  of  its 
course,  and  it,  in  many  places,  consists  of  a  soft  concretionary  mass 


i        c  a-'  0 

Fig.  so.— Parys  Movintain;  horizontal  section. 


containing  so  many  shell-like  nodules,  that  the  miners  have  given 
it  the  name  of  Carreg-y-Grogan,  or  shell-stone.  In  these,  kernels 
of  copper  pyrites  occur  in  such  large  quantities  that  this  ground 
has  formed  one  of  the  most  profitable  resources  of  the  mines. 

In  addition  to  the  foregoing,  and  beginning  at  the  north  in  the 
band  a,  a  large  deposit  of  copper  pyrites  associated  with  quartz, 
&c.,  known  as  the  North  Discovery  Lode,  extended  for  a  few 
fathoms  west  of  the  Great  Cross-course  for  a  distance  of  90 
fathoms  westward.  This  more  nearly  resembled  an  ordinary  lode 
than  any  other  which  has  been  discovered  in  the  mines.  It  was 
well  defined  and  was  enclosed  in  a  country  rock  of  hard  slate,  dipjjed 
at  an  ande  of  60°,  and  the  shoot  of  ore  "which  it  carried  inclined 
westward  at  the  rate  of  three  feet  in  a  fathom.  It  was  also  dis- 
tinguished from  all  other  similar  deposits  by  the  almost  complete 
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absence  of  felspathic  rocks.  This  great  deposit  has  now  been 
completely  worked  away,  after  having  yielded,  in  the  aggregate, 
copper  ores  of  the  value  of  about  a  million  pounds  sterling. 

With  the  exception  of  some  small  quartzose  strings,  sometimes 
containing  a  little  copper  pyrites  with  blende  and  galena  of  no 
commercial  value,  no  ore  occurs  between  this  and  the  Carreg-y-doll 
Lode.  This  is  an  immense  sheet  of  quartz,  I,  varying  from  five  to 
sixty  feet  in  thickness,  and  sometimes  containing  valuable  bunches 
of  copper  pyrites ;  iron  pyrites  is  also  present,  but  not  in  such  large 
quantities  as  in  the  rocks  lying  to  the  south.  This  lode  contains 
druses  or  vughs  of  extraordinary  dimensions,  one  of  them,  cut  into 
some  years  ago,  which  was  beautifully  lined  with  crystals,  being 
no  less  than  eight  fathoms  in  length  and  four  in  height.  The 
bunches  of  ore  in  this  lode,  like  those  before  described,  exhibit  a 
tendency  to  clip  towards  the  west. 

The  large  felspathic  band  c  also  encloses  considerable  deposits 
of  copper  pyrites,  which  occur  in  the  form  of  strings  and  bunches. 
This  ground  has  yielded  large  profits,  and  a  considerable  amount  of 
copper  is  still  disseminated  through  the  rock,  but  it  is  too  sparsely 
scattered  to  repay  the  expense  of  mining  and  concentration. 

Extensive  as  these  deposits  may  be,  they  are  much  less 
important  than  are  those  which  occur  to  the  south  of  the  felspathic 
band,  and  which  lie  immediately  between  it  and  the  band  of  slate 
marked  a' .  At  the  junction  of  these  two  rocks  the  mountain  has 
been  almost  divided  into  two  parts  by  two  large  open-cast  excava- 
tions varying  in  depth  from  110  to  140  feet,  and  occupying  an  area 
of  somewhat  more  than  twelve  acres  in  extent.  These  are  bounded 
on  the  north  by  the  band  of  felspathic  rock  marked  c,  and  on  the 
south  by  the  stratum  of  slate  a'.  It  is  here  that  occurred  the 
great  body  of  copper  ore  which  once  exercised  a  considerable  in- 
fiuence  upon  the  European  copper  market.  The  ores  did  not,  on 
an  average,  contain  more  than  5  to  6  per  cent,  of  copper,  but  for  a 
time  there  was  scarcely  any  limit  to  their  possible  production,  and 
the  proprietors,  to  a  large  extent,  commanded  the  market. 

The  metalliferous  mass  worked  in  these  open  cuttings  is 
composed  of  three  distinct  members,  namely : — 

1st.  A  bed  of  iron  pyrites, 
2nd.  A  bed  of  copper  pyrites. 

8rd.  A  thick  bed  of  an  ore  locally  known  as  hluedonc,  which 
sometimes  lies  beneath  the  deposit  of  copper  pyrites. 

This  ore  varies  somewhat  in  composition,  but   the   following 
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analysis,  made  by  Mr.  F.  Claudet,  may  be  taken  as  approximately 
representing  its  average  composition  : — 

Lead 14-46 

Copper 2'13 

Zinc 27-89 

Iron 11-45 

Sulphur 29-05 

Siliceous  rock 14-47 

99-45 

Silver 6  oz.  15  dwt.  per  ton. 

Gold traces. 

The  iron  pyrites  and  chalcopyrite  invariably  occur  associated 
with  quartz  and  felspathic  rock,  but  the  bluestone  is  usually  nearly 
pure,  containing  only  branches  and  nodules  of  white  quartz.  The 
stratum  of  this  mineral,  which  underlies  the  other  two  beds  of  ore, 
is  by  no  means  regular,  having  sometimes  a  thickness  of  from  50 
to  60  feet,  while  at  others  it  is  reduced  to  a  few  inches  or  entirely 
disappears.  It  occurs  in  its  purest  state  when  intermixed,  in  the 
form  of  elongated  lenticular  masses,  with  the  enclosing  slate. 
Large  quantities  of  this  ore  might  be  raised  if  a  satisfactory  market 
could  be  obtained,  but,  although  much  attention  has  been  bestowed 
on  its  metallurgical  treatment,  none  of  the  processes  hitherto  tried 
appear  to  possess  the  necessary  simplicity,  and  the  demand  is 
consequently  somewhat  limited.  The  beds  of  pyrites  and  blue- 
stone  appear  to  thin  out  in  descending,  while  that  of  copper  ore 
would  seem  rather  to  improve  in  depth. 

The  water  from  these  mines  contains  a  considerable  amount  of 
the  sulphates  of  iron  and  copper.  This  water  is  first  raised  to  the 
surface  by  wooden  pumps,  and  then  stored  in  reservoirs  prepared 
for  its  reception.  In  these  it  deposits  all  the  sand  and  clay  it  may 
hold  in  suspension,  and  when  it  has  become  perfectly  clear,  it  is 
tapped  off  into  the  precipitators  as  may  be  required.  Into  these 
scrap  iron  is  introduced  and  the  copper  thrown  down  in  the  usual 
Avay.  After  the  precipitation  of  the  copper,  the  water,  which  has 
been  treated  by  metallic  iron,  is  allowed  to  flow  into  large  basins 
several  acres  in  extent,  where  by  a  natural  process  of  oxidation,  it 
deposits  highly  basic  salts  of  iron,  which  are  largely  used  for  the 
purification  of  coal  gas  and  for  the  manufacture  of  various  iron-oxide 
paints.  Of  this  ochre  the  Anglesea  mines  sold,  in  1881,  3,011  tons, 
together  with  2,305  tons  of  bluestone,  and  768  tons  of  copper  in  the 
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form  of  ores  and  precipitate.  In  1894  they  produced  :  Bluestone, 
955  tons,  valued  at  £1,434,  and  estimated  to  yield  212  tons  of  zinc, 
127  tons  of  lead,  and  9,518  oz.  of  silver;  ochre,  1,175  tons,  valued 
at  £2,280  ;  copper  precipitate,  230  tons,  valued  t  £2,140 ;  so  that 
the  output  is  now  clearly  a  diminishing  one. 


Isle  of  Man. 

Underlying  the  Silurian  and  Carboniferous  rocks,  which  are 
well  represented  in  the  Isle  of  Man,  and  breaking  through  them  in 
various  places,  are  granite  and  other  igneous  rocks.  The  granite 
is  found  at  the  surface  in  two  localities,  one  in  the  north  of  the 
island  between  Laxey  and  Ramsey,  and  the  other  in  the  centre  on 
the  eastern  side  of  South  Barrule.  In  addition  to  these  granitic 
outbursts,  dykes  of  porphyry  and  diabase  exhibit  traces  of  volcanic 
action  in  all  parts  of  the  island.  Everywhere  the  adjacent  strata 
are  greatly  altered  by  contact  with  the  granite  or  other  igneous 
rock,  and  metalliferous  minerals  occur  abundantly  near  the  line  of 
contact. 

The  two  principal  mines,  Foxdale  and  Laxey,  are  situated  near 
the  great  outburst  of  granite,  Laxey  being  near  the  northern  and 
Foxdale  near  the  southern  mass.  Resting  on  the  granite  is  a  series 
of  slaty  rocks,  which  occupy  more  than  two-thirds  of  the  entire  area 
of  the  island.  Valuable  metalliferous  veins  traverse  these  slates, 
and  for  many  years  mines  have  been  worked  with  great  success 
both  at  Foxdale  and  Laxey,  and,  less  profitably,  in  several  other 
parts  of  the  island. 

At  Laxey  the  direction  of  the  main  lodes  is  about  8°  E.  of  N., 
with  an  easterly  underlie  of  two  feet  in  a  fathom.  At  Foxdale  the 
principal  lodes  course  8°  S.  of  E.,  with  a  southerly  underlie  also  of 
two  feet  per  fathom.  The  main  lode  has  been  worked,  but  not 
quite  continuously,  for  about  four  miles  on  its  east  and  west  course, 
and  in  this  distance  is  intersected  by  several  counter  veins,  and  by 
at  least  three  north  and  south  veins,  all  of  which  have  a  dip  towards 
the  west.  The  Laxey  Mines  are  worked  exclusively  in  Lower 
Silurian  slate,  but  in  the  Foxdale  Mines  the  deeper  workings  are 
entirely  in  granite,  which  was  reached  after  first  passing  through 
the  slate  into  a  layer  of  granite  thirty  feet  in  thickness,  and  then 
again  sinking  through  a  band  of  slate.  A  new  perpendicular  shaft 
has  been  sunk  to  intersect  the  lode  at  a  depth  of  250  fathoms. 

Foxdale  is  remarkable  for  the  great  size  of  its  main  lode,  which 
occasionally  expands  to  a  width  of  forty  feet.     To  the  mineralogist 
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Foxdale  is  extremely  interesting.  In  the  large  cavities  or  lochs 
in  the  lode,  magnificent  crystals  of  iridescent  galena  are  often 
found.  The  galena  has  occasionally  a  very  high  percentage  of 
silver.  Ai-gentiferous  tetrahedrite  is  frequently  to  be  met  with,  as 
also  are  splendid  pseudomorphs  of  iron  carbonate  after  lluor  spar, 
resembling  those  formerly  found  at  the  Virtuous  Lady  Mine  near 
Tavistock,  Recently  plumosite,  the  Fcclercrz  of  the  Harz  miners, 
has  been  discovered. 

Of  late  years,  a  remarkable  feature  has  been  the  presence  of 
large  quantities  of  carbonic  acid  gas,  given  off  from  crevices  in 
the  south  wall  of  the  lode.  At  the  present  time  (1883)  in  the 
eastern  end  of  the  185-fathom  level,  the  amount  of  Sias  is  so  laro-e 
that,  although  volumes  of  compressed  air  are  continually  being  poured 
in  from  two  air-pipes,  the  men  experience  the  greatest  difificulty  in 
working ;  and,  as  candles  will  not  burn,  the  value  of  the  end  can 
only  be  determined  by  the  ore  brought  out.  The  yield  of  the 
Foxdale  mines  during  the  year  1881  was  3,419  tons  of  lead  ore 
containing  69,080  oz.  of  silver. 

In  1881,  the  deepest  portion  of  the  Laxey  Mines  was  259 
fathoms  below  the  adit.  In  that  year  they  yielded  1,700  tons 
of  lead  ore  containing  5,250  oz.  of  silver,  and  7,567  tons  of 
blende.  The  other  mines  in  the  Isle  of  Man  returning  lead  ore  were 
Ballacorkish,  where  fine  specimens  of  the  carbonates  and  phosphates 
of  lead  occur,  East  Foxdale,  Kirk  Michael,  and  North  Laxey. 

Evidences  of  mining  operations  for  copper,  carried  on  at  a  very 
early  date,  have  been  observed  at  Bradda  Head.  This  lode,  at  .the 
S.W.  corner  of  the  island,  is  one  of  the  finest  surface  exhibitions  of 
a  mineral  vein  to  be  seen  in  Europe.^ 

Several  attempts  have  been  made,  with  more  or  less  success,  to 
work  the  haematite  lodes  which  are  found  at  Maughold  Head,  near 
Ramsey. 

Accordinfj  to  the  statistics  of  the  Minino-  Record  Office,  the 
total  returns  in  1881  from  mines  in  the  Isle  of  Man  amounted  to 
5,675  tons  of  argentiferous  lead  ore  of  the  value  of  £76,518,  and 
7,567  tons  of  blende  worth  £28,701  ;  with  120  tons  of  hcematite 
worth  £60,  and  60  tons  of  coj)per  ore  worth  £90 ;  making  the 
total  value  of  metalliferous  minerals  produced  in  the  island 
£105,364.     In  1894  the  output  was  as  follows : — 

Zinc  ore 2,579  tons,  value £8,582 

Lead  ore     ....  5,624     „         ,,      £42,218 

1  W.  W.   Smyth,   "Metallic  Mining,"  Htanforfr >i  British  Maniifacturiwj  In- 
dustries,  i.  1876,  p.  15. 

X 
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The  quantities  of  lead  and  silver  obtainable  from  the  last 
named  were  4,134  tons  and  111,325  oz.  respectively ;  of  the 
total  blende  production,  2,040  tons  came  from  the  Great  Laxey 
Mine,  whilst  the  bulk  of  the  lead,  or  4,800  tons,  was  produced  by 
Foxdale. 

Ireland. 

Mines  are  by  no  means  numerous  in  Ireland,  for,  although  ores 
of  various  metals  are  not  of  unfrequent  occurrence,  there  would 
appear  to  be  but  few  localities  in  which  they  occur  in  sufHcient 
abundance  to  render  their  extraction  remunerative. 

WiCKLOW, — The  county  of  Wicklow  is  composed  of  slaty  rocks 
chiefly  of  Lower  Silurian  age,  which  are  broken  through  by  masses 
of  granite  and  intersected  by  dykes  of  porphyry  and  greenstone. 
In  the  neighbourhood  of  the  granite  the  clay  slates  are  often  con- 
verted into  mica  schists,  granulite,  or  quartzite,  and  the  metalli- 
ferous deposits  of  the  district  are,  for  the  most  part,  comprehended 
within  a  somewhat  narrow  belt  extending  for  some  distance  on 
either  side  of  the  junction  of  the  granite  and  schists.  They  may 
be  divided  into  three  principal  groups,  namely  : — 

1. — Deposits  of  copper  ores  and  of  cupriferous  iron  pyrites 
chiefly  in  Silurian  slates. 

2. — Lead  ores  in  granite. 

3. — Gold  in  the  sands  and  gravels  of  various  streams  near  the 
base  of  Croghan-Kinshella. 

There  are  several  copper  mines  in  the  county  of  Wicklow, 
some  of  which  are  said  to  have  been  wrought  from  very  ancient 
times.  Up  to  the  year  1839  those  of  the  Ovoca  district  were 
Avorked  exclusively  for  copper,  excepting  that  a  certain  amount  of 
lead  ore  was  raised  at  Cronebane  and  Connary.  About  the  time 
above  referred  to,  a  sudden  demand  for  pyrites  sprang  ujj  in  this 
country  in  consequence  of  the  suspension  of  the  sulphur  trade  with 
Sicily,  and  for  many  years  these  mines  were  worked  principally  for 
iron  pyrites.  At  the  present  time  Irish  pyrites  has  been  almost 
entirely  superseded  in  the  manufacture  of  sulphuric  acid  by  that 
imported  from  Spain  and  Portugal,  in  consequence  of  whichtthe 
mines  of  Wicklow,  although  once  yielding  60,000  tons  of  j)yrites 
annually,  are  now  no  longer  actively  worked.  The  outjDut  from 
Ovoca  was  only  3,828  tons  of  pyrites  valued  at  £2,264  in  1894. 
It  was  formerly  supposed  that  the  ores  occurred  in  deposits 
having  the  same  strike  and  dip  as  the  enclosing  rocks,  but  more 
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recent  investigations  have  conclusively  shown  that,  although  in 
their  general  direction  they  approximate  more  or  less  closely 
with  the  general  strike  of  the  country,  they  nevertheless  in- 
variably cross  the  strata,  although  often  at  a  very  small  angle. 
In  depth  the  lodes  always  underlie  faster  than  the  enclosing 
rocks,^ 

The  country  consists  principally  of  slates  and  schists,  all  of 
which  are  more  or  less  metamorphosed,  and  associated  with  them 
are  various  pyroxenic  and  felspathic  rocks.  The  former  are 
generally  regarded  as  being  of  eruptive  origin,  but  the  felspathic 
rocks  exhibit  somewhat  remarkable  peculiarities.  At  one  time 
they  were  supposed  to  run  parallel  with  the  channel  of  mineral 
ground  enclosing  the  lodes,  but  it  has  been  pointed  out  by  Sir 
W.  W,  Smyth  that  in  some  places  they  run  across  it ;  and  Mr. 
Kinahan  has  shown  that  they  sometimes  occur  in  isolated  masses, 
and  that,  although  some  of  them  are  intrusive  rocks,  the  majority 
may  be  regarded  as  being  of  metamorphic  origin. 

The  lodes  upon  which  mining  operations  have  been  conducted 
east  of  the  Ovoca  River  are  principally  in  clay  slate,  and  occupy 
a  belt  extending  from  the  Ovoca  for  about  six  miles  in  a  north- 
easterly direction.  The  principal  lodes  are  not,  however,  continuous 
throughout  this  distance,  but  are  much  interrupted  by  faults,  and 
sometimes  become  either  greatly  reduced  in  width,  or  appear  to 
die  out  altogether;  patches  of  dead  ground  sometimes  intervene, 
in  which  no  regular  veins  have  been  discovered. 

In  West  Cronebane  there  is,  on  an  average,  a  depth  of  six 
fathoms  of  drift  over  the  back  of  the  lode,  and  under  this  there 
is  a  breccia  composed  of  angular  fragments  of  country  rock  cemented 
together  by  hydrated  oxide  of  iron.  This  latter  rests  upon  the 
gossan,  which  here  consists  of  limonite,  nearly  the  whole  of  which 
was  removed  some  years  since,  at  a  time  when  iron  ores  were 
in  exceptionally  great  demand.  In  a  westerly  direction  the  breccia 
and  gossan  gradually  thin  out,  until  upon  Tigroney  brow  both  have 
been  removed  by  denudation,  and  the  unaltered  pyrites  makes  its 
appearance  on  the  surface.  In  West  Cronebane  the  gossan  in 
some  places  rests  upon  a  ferruginous  clay,  and  at  one  point  carbon 
is  present  in  the  form  of  a  graphitic  shale.  Occasionally  the  gossan 
is  found  to  rest  on  clay  containing  patches  and  strings  of  melaconite 
and  fahlerz,  with  occasional  veins  of  pyrites  composed  of  detached 
sand-like  crystals,  which  in  depth  become  consolidated  and  lose 

1  P.  H.  Argall,  "Notes  on  the  Ancient  and  Recent  Mining  Operations  in  the 
East  Ovoca  District,"  Proc.  Roy.  Dublin  Soc.  ii.  18S0,  p.  211. 
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their  granular  character.  In  proportion  as  the  thin  branches  of 
pyrites  proceed  downwards  they  increase  both  in  width  and 
number,  thus  gradually  replacing  the  laminae  of  the  enclosing 
killas  until,  eventually,  the  entire  width  of  the  lode  is  composed  of 
pyrites.  Still  further  down  the  iron  ppites  becomes  more  dense, 
but  is  frequently  interlaminated  with  bands  of  hard  killas,  and 
under  these  circumstances  the  hardest  ribs  not  unfrequently 
contain  two  per  cent,  of  copper. 

At  Tigroney  and  West  Cronebane  the  country  rock,  for  a  con- 
siderable distance  both  north  and  south  of  the  great  pyrites  vein,  is 
mineralised  by  finely  disseminated  particles  of  iron  and  copper 
pp-ites,  and  these  minerals,  having  become  oxidised  near  the  surface, 
impart  a  reddish-brown  colour  to  the  f)artially  decomposed  rocks. 
In  these  mineralised  rocks,  for  a  distance  of  25  fathoms  south  of 
the  main  lode,  are  lenticular  deposits  of  yellow  copper  ore.  As 
first  pointed  out  by  Mr.  Weaver,  these  rocks  are  traversed  by 
horizontal  joints,  of  which  the  extent  is  unknown,  but  which  are 
sometimes  two  inches  in  width,  while  at  others  it  Avould  be  diffi- 
cult to  insert  the  blade  of  a  knife.  These  joints  usually  occur  at 
intervals  in  depth  of  about  five  fathoms,  and  are  crossed  nearly 
at  right  angles  by  a  system  of  almost  perpendicular  joints,  by 
which  the  country  is  divided  into  huge  nearly  rectangular  masses. 
None  of  the  copper  deposits  are  accompanied  by  any  gossan  ;  but 
when  one  of  these  joints  comes  into  the  immediate  vicinity  of  a 
deposit  of  copper  ore,  it  becomes  partially  filled  with  small 
fragments  of  country  rock,  cemented  into  a  breccia  by  hydrated 
ferric  oxide  and  stained  by  various  compounds  of  copper. 

These  deposits  of  yellow  copper  ore  are  generally  lenticular 
masses  intercalated  between  the  laminae  of  the  strata,  gradually 
thinning  off  to  nothing  both  in  length  and  depth.  In  some  cases 
two  or  more  of  such  deposits  are  connected  together  by  branches 
or  strings.  Associated  with  these  deposits  are  counter  lodes,  many 
of  which  occupy  the  perpendicular  joints  before  referred  to;  and 
when  these  come  in  contact  with  lenticular  deposits  they  form 
junctions  with  them,  and  they  themselves  for  a  certain  distance 
contain  copper  ores  of  above  the  average  produce.  Lenticular 
masses  of  cupriferous  pyrites  are  sometimes  intercalated  with  the 
ordinary  iron  pyrites  of  the  great  lode. 

The  mode  of  occurrence  of  the  iron  pyrites  and  chalcopyrite  at 
Tio-roney  and  West  Cronebane  will  be  understood  by  referring  to 
Fio-.  81,  in  which  a  represents  the  main  lode,  displaced  by 
various  faults,  and  6  lenticular  deposits  of  yellow  copper  ore  on  its 
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south  wall.  Fig.  82  is  a  transverse  section  on  the  line  d  c,  in  which 
the  lenticules  of  yellow  copper  ore,  shown  south  of  the  lode,  are  not 
indicated  by  a  letter.  At  the  surface  the  lode  was  at  this  point  eight 
fathoms  in  width,  decreasing  to  six  fathoms  at  the  77-fathom  level, 
below  which  it  w^as  suddenly  cut  off  by  a  slide   underlying  45'' 


Fig.  si. — Tijjroney  and  West  Cronebaiie  ;  horizontal  section. 

south.  This  slide  was  sunk  upon  for  a  distance  of  thirteen  fathoms, 
Avhere  a  vein  of  cupriferous  pyrites  was  found  two  feet  in  width,  the 
walls  of  which  were  opening  out  in  depth.  The  vein  has  not  been 
proved  below  the  90-fathom  level,  which  is  the  deepest  point 
reached  in  any  of  the  eastern  Ovoca  mines.  The  great  sulphur 
lode  in  West  Cronebane  is  cut  off  towards  the  east  by  dead 
ground,  and  is  not  again  met  with  in  a  workable  form  until  East 
Cronebane  is  reached,  a  distance  of  800  fathoms.  This  lode  in 
East  Cronebane  and  Connary  is  wedge-shaped,  and  becomes 
gradually  smaller  as  the  depth  increases.  At  one  or  two  points  it 
has  been  followed  down  almost  to  the  point  of  a  wedge,  but  it  is 


Fic:.  S2. — Tigroney ;  transverse  section  on  d  c. 

not  impossible  that  further  exploration  might  lead  to  the  discovery 
of  a  splice,  and  that  the  lode  may  thus  continue  in  depth. 

South  of  the  Connary  main  lode  is  Wall's  Lode,  with  a  similar 
bearing  and  underlie,  which  for  a  short  distance  yields  iron  pyrites 
with  a  little  chalcopyrite.  Towards  the  east  it  breaks  up  into  a 
number  of    strings,  while  westward  it  is    cut    off   by  a  mass   of 
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felspatbic  rock.  Further  north-east  is  another  deposit  of  metallic 
sulphides  known  as  the  Kilmacoo  Lode,  which  is  chiefly  made  up  of 
clay  and  soft  ground,  containing  bunches  and  veins  of  a  bluestone 
having  nearly  the  same  composition  as  that  found  at  Parys  Moun- 
tain in  Angiesea.  This  bluestone,  which  is  sometimes  called 
kilmacooitc,  yields  from  six  to  eight  ounces  of  silver  per  ton  of 
ore,  together  with  traces  of  gold.  The  copper  ores  from  the  Wick- 
low  mines  contain  from  8  to  12  per  cent,  of  copper,  while  the 
iron  pyrites  affords  from  33  to  36  per  cent,  of  sulphur.  About 
one-sixth  of  the  iron  pyrites  is  to  some  extent  cupriferous,  contain- 
ing from  1  to  2  per  cent,  of  copper,  and  about  38  per  cent,  of 
sulphur.  Nearly  all  the  pyrites  from  these  mines  contains  minute 
quantities  of  gold,  silver,  nickel  and  cobalt.  A  certain  amount  of 
copper  is  annually  obtained  from  the  mine  waters  by  precipitation 
with  metallic  iron.  In  1880  the  total  annual  yield  of  copper  from 
the  Wicklow  mines,  including  that  obtained  in  the  form  of 
precipitate,  did  not  amount  to  100  tons,  whilst  since  then  copper 
mining  has  entirely  ceased. 

The  most  productive  lead  veins  of  the  county  of  Wicklow  have 
been  those  worked  in  the  mines  at  Glendalough  and  Luganure,  of 
which  the  last  only  is  at  present  in  operation.  The  veins  of  this 
district  have  never  presented  any  features  of  especial  interest,  ex- 
cepting that  courses  of  nearly  pure  galena  three  feet  in  width  have 
occasionally  been  found  in  them ;  the  veinstone  is  principally 
quartz.  The  yield  of  Luganure  in  1881  amounted  to  only  822 
tons  of  lead  ore,  containing  616  tons  of  lead  and  4,932  oz,  of 
silver.  The  only  other  Irish  lead  vein,  from  which  Mr.  Hunt's 
statistics  give  any  returns  for  that  year  is  Newtownards,  County 
Down,  which  yielded  27  tons  of  lead  ore,  equal  to  20  tons  10  cwts. 
lead,  representing  a  value  of  £254.  In  1894  the  entire  output  of 
lead  ore  in  Ireland  was  only  92  tons,  valued  at  £367,  The 
Government  Geological  Survey  has  showm  that  the  copper  and 
lead  veins  of  Wexford,  and  probably  those  of  Wicklow  also,  are 
older  than  the  tin-bearing  lodes  of  Cornwall. 

Gold  was  doubtless  obtained  by  the  ancient  Irish  by  washing 
the  sands  and  gravels  of  certain  streams  and  rivers.  Gerard 
Boate,  in  his  "Natural  History  of  Ireland,";' published  in  1726, 
mentions  the  occurrence  of  gold  io  Londonderry^  since  which 
time  none  appears  to  have  been  found  there.  Mr.  Kinahan  states 
that  pieces  of  gold  have  in  late  years  been  picked  up  in  the  valley 
of  the  Dodder,  and  that  quite  recently  a  small  nugget  was  found 
on  St,  Stephen's  Green,   Dublin,  in  a  load  of  gravel  which  had 
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been  brought  from  the  Dodder  Valley.^  In  modern  times  gold 
was  not  generally  known  to  exist  in  Wicklow  until  about  a 
century  ago,  when  it  was  remarked  that  persons  from  that  part 
of  the  country  occasionally  brought  small  pieces  into  Dublin  for 
sale.  Not  much  attention  appears  to  have  been  directed  to  the 
subject,  until  the  finding  of  a  nugget  weighing  21 1  oz.  awakened 
pubhc  curiosity  and  caused  inquiries  to  be  made,  the  result  of 
which  was  the  discovery  that  it  had  been  found  in  a  rivulet  flowing 
eastward,  over  Lower  Silurian  rocks,  from  the  high  granitic 
mountain  of  Croghan-Kinshella,  on  the  borders  of  Wexford,  and 
joining  the  Aughrim,  a  tributary  of  the  Ovoca,  at  Woodenbridge. 
This  discovery  caused  a  great  rush  to  take  place  in  1795,  and  a 
considerable  amount  of  gold  was  collected  by  the  diggers  during 
the  first  six  weeks,  at  the  end  of  which  time  the  Gold-mine  Valley 
was  taken  possession  of  by  the  Government,  while  the  operations  of 
the  country  people  were  confined  to  the  neighbouring  streams  of 
Knockmiller  and  Clonwilliam,  Ballintemple,  and  Coolballintaggart, 
of  which  the  last  runs  northward  from  Croghan-Kinshella.  In 
addition  to  the  washings  along  the  beds  of  these  streams,  shallow 
placer  workings  were  opened  further  north  at  Mucklagh,  Ballina- 
gappoge,  and  Ballycreen,  on  tributaries  of  the  Aughrim  or  Ow 
River. 

The  Government  works,  under  the  superintendence  of  Messrs. 
Mills,  King,  and  Weaver,  were  actively  carried  on  until  May,  1798, 
when  they  were  interrupted  by  the  Irish  Rebellion,  and  not  again 
resumed  until  the  spring  of  1801,  when,  in  addition  to  the  usual 
placer  mines,  a  level  or  tunnel  was  driven  into  the  eastern  face  of 
Croghan-Kinshella,  and  several  miles  of  trenches  were  sunk  to 
the  bed-rock  in  various  directions.  In  these  workings  numerous 
irregular  branches  of  quartz  were  cut  through,  but  in  no  in- 
stance was  a  particle  of  gold  found  ioi  sitit ;  and  the  alluvial  gold 
having  become  practically  exhausted  the  works  were  eventually 
abandoned. 

The  placer  mining  of  the  Government  is  said  to  have  been 
remunerative,  but  the  whole  of  the  money  thus  realised  was 
subsequently  expended  in  trying  to  find  gold  in  its  natural  matrix. 
The  total  amount  obtained  was  944  oz.  which,  when  melted  and  run 
into  bars,  assayed  on  an  average  21 1  carats  fine,  and  was  at  the 
price  of  the  period  worth  £3,675.  The  alloy  consisted  of  silver 
with  a  little  copper.  Sir  R.  Kane  states  that  the  gold  collected  by 
private  individuals  sold  for  above£10,000.  Since  the  period  refeiTed 
^  G.  H.  Kinahan,  GtoIo(j]/  of  Ireland,  London,  1878,  p.  .340. 
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to,  placer  mining  lias  at  various  times  been  resumed,  but  never 
with  any  marked  degree  of  success. 

Different  observers  have  remarked  that  the  auriferous  gravels 
of  Wicklow  are  invariably  found  at  a  lower  level  than  the  outcrops 
of  certain  neighbouring  veins  containing  ores  of  iron  and  copper, 
through  the  disintegration  of  which  the  gold  is  supposed  to  have  been 
liberated.  But  although  gold  is  elsewhere  often  found  in  quartz 
containing  various  metallic  sulphides,  none  has  ever  been  discovered 
in  the  undecomposed  portions  of  the  mineral  veins  of  Wicklow.  Its 
presence  has  however  been  detected  a  little  to  the  north-east  in  the 
gossans  of  the  Ballymurtagh,  Cronebane,  and  Connary  Mines,  to  the 
west  and  east  of  the  valley  of  the  Ovoca.  Some  of  the  nuggets  found 
have  had,  however,  attached  to  them  fragments  of  quartz,  and  it  is 
consequently  evident  that  a  certain  amount  of  auriferous  quartz 
must  exist  somewhere  in  the  neighbourhood. 

According  to  Mr.  Weaver  the  following  minerals  accompanied 
gold  in  the  drifts  and  gravels  of  the  Wicklow  placers,  namely, 
ilmenite,  specular  iron  ore,  red  and  brown  hajmatite,  iron  pyrites, 
oxide  of  manganese,  garnets,  quartz,  and  chlorite.  To  these  Mr. 
Mallet  has  added  the  following :  platinum,  cassiterite,  wolfram, 
magnetite,  molybdenite,  galena,  chalcopyrite,  topaz,  zircon,  corun- 
dum, &c.^ 

Tinstone  occurred  more  frequently  at  Ballinasilloge  than  in  the 
higher  ground  near  Ballinavally.  The  pieces  of  gold  were,  for  the 
most  part,  much  water-worn,  but  angular  fragments  were  exception- 
ally met  with.  None  of  the  gold  diggings  of  Wicklow  have  been 
worked  otherwise  than  as  shallow  placers,  but  since  gold  has  been 
found  in  so  many  of  the  smaller  tributary  streams,  it  might  be 
anticipated  that,  as  in  other  gold-producing  countries,  it  would 
be  found  in  the  deeper  detritus  on  the  banks  of  the  larger  rivers. 
These  do  not  appear  to  have  ever  been  explored,  but  Mr.  Kinahan 
has  suggested  that  gold  may  j^erhaps  exist  in  paying  quantities 
beneath  the  river  and  estuarine  gravels  at  Woodenbridge  and  various 
other  points  in  the  valley  of  Ovoca.  A  few  specks  of  gold  have 
occasionally  been  found  not  only  in  the  gossans  at  Ballymurtagh, 
Cronebane,  &c.,  as  already  stated,  but  also  in  those  of  the  copper 
lode  at  Carrigat  or  Dhurode,  south  of  Bantry  Bay,  in  the  county 
of  Cork. 

Iron  Ores  of  Miocene  Age. — Iron-ore   deposits   belonging 

^  William  Mallet,  "On  the  Minerals  of  the  Auriferous  Districts  of  Wicklow," 
Phil.  Mag.,  xxxvii.  1850,  p.  392.  The  presence  of  platinum  was  b^'  no  means 
satisfactorily  determined  h\  Mr.  Mallet. 
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to  this  age  represent  an  important  feature  of  the  Miocene  rocks  of 
Ireland ;  and,  although  usually  classed  as  one  series,  they  are  believed 
to  occur  on  slightly  different  geological  horizons.  They  comprise 
beds  of  pisolitic  iron  ore,  aluminous  iron  ore,  bole  and  lithomarge, 
often  associated  with  lignite.  At  some  of  the  iron  mines  the  thick- 
ness of  these  iron  bearing  strata  exceeds  60  feet,  while  in  others  it 
scarcely  amounts  to  as  many  inches.^  The  Tertiary  rocks  of  Antrim 
comprise  dolerites,  basalts,  and  tuffs,  the  latter  including  the  iron-ore 
measures,  &c.  The  dolerite  rocks  may  be  divided  into  two  series,  the 
upper  and  the  lower ;  the  first  of  these  being  above  the  principal 
iron-ore  measures,  while  the  second  is  below  them.  The  dolerites 
and  basalts  occur  in  the  form  of  flows,  protrusions,  and  dykes,  while 
associated  with  them  are  bole  and  laterite  with  beds  of  ferruginous 
lithomarge  and  aluminous  and  pisolitic  iron  ore,  in  which  last  are 
occasionally  beds  of  lignite. - 

The  dolerites  are  often  somewhat  coarsely  crystalline  and  occa- 
sionally even  porphyritic,  and  they  not  unfrequently  exhibit  a 
columnar  structure ;  very  large  areas  are  covered  by  doleritic  and 
basaltic  rocks,  but  the  tuffs  are  of  more  limited  extent.  The  thick- 
ness of  the  flows  of  dolerite  varies  from  a  foAV  feet  up  to  40  feet, 
while  between  them  are  accumulations  of  bole,  a  material  closely  re- 
sembling the  laterite  which,  in  India,  covers  to  a  great  depth  vast 
areas  and  contains  deposits  of  nodular  iron  ore.  In  Ireland  the 
thickness  of  these  beds  or  partings  seldom  exceeds  70  feet.  In 
some  places  the  ferruginous  accumulations  graduate  into  aluminous 
iron  oi'e  of  good  quality,  but  in  such  cases  they  are  not  genei'ally 
pisolitic,  although  the  aluminous  ores  occasionally  assume  this 
structure  if  they  come  immediately  in  contact  with  a  deposit  of 
pisolitic  ore.  The  beds  of  laterite  between  the  flows  of  dolerite  are 
usually  of  a  reddish-brown  colour,  and  are  very  tough.  They  have 
an  amygdaloidal  structure,  and  contain  cavities  enclosing  arragonite 
with  various  zeolites. 

The  partings  between  the  lower  beds  of  dolerite  are  generally 
softer  than  those  dividing  the  uj)per  series,  and  frequently  graduate 
into  either  ochre  or  bole.  This  does  not  take  place  so  frequently 
between  the  upper  dolerites,  but  in  all  cases,  the  iron  ore  alone 
excepted,  the  material  constituting  the  dividing  beds  is  throughout 
vesicular. 

The  iron-ore  measures  of  Antrim  vary  in  thickness  from  10  to 

^  G.  H.  Kinahan,  Otology  of  Ireland,  p.  1G4. 

-  Philip  Argall,  "Notes  ou  tlie  Tertiary  Iron  Ore  Measures,  Glengariff  Valley, 
County  Antrim,"  Pror.  Roy.  Dublin.  Soc,  iii.  1881,  p.  151. 
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70  feet ;  in  the  Glengariff  Mines  they  do  not,  according  to  Mr.  Argall, 
exceed  60  feet,  and,  with  the  associated  rocks,  aflford  the  following 
section  :■ — 

Feet. 

Tertiary  ....   j' Upper  dolerites 300 

I  Iron-ore  measures 60 

j  Lower  dolerites 250 

VBa.sal  conglomerate      ....        2 

Cretaceous  .    .    .     White  limestone 70 

Total 682 

The  iron-ore  measures  are  composed  as  follows : — 

Ft.  in. 

6.  Steatitic  rock  ;  local  name  Brushing     ....    0  8 

5.  Steatitic  clay  ,,  Holing  .    .  1  in.  to    0  3 

4.  Pisolitic  ore  , ,  First  ore     ....     1  7 

3.  Aluminous  ore  , ,  Second  ore      ...    2  6 

2.  Ochreous  rock  ,,  Pavement  .    .    .    .1.5  0 

1.  Lithomarge  ,,  Marge 40  0 

Total 60     0     • 

The  lithomarge  usually  rests  upon  an  irregular  flooring  of 
dolerite,  which  is  in  places  corroded  into  deep  holes.  Boulders 
and  masses  of  dolerite,  externally  much  decomposed,  are  also 
found  embedded  in  the  bottom  beds  of  the  lithomarge  and  often 
pass  insensibly  into  this  rock.  The  lower  beds  of  lithomarge  are 
usually  of  a  light  lavender  tint,  and  contain  numerous  small  spots 
of  bauxite  ;  w^hile  the  upper  layers  are  brown  or  nearly  black.  It 
is  a  brittle,  splintery  rock,  which  flies  before  the  pick,  but  is 
nevertheless  readily  cut  with  a  knife.  In  the  immediate  vicinity 
of  an  eruptive  dyke  it  becomes  a  very  tough  rock,  and  on  exposure 
to  the  atmosphere  it  rapidly  exfoliates.  Interstratified  with 
lithomarge  are  deposits  of  aluminous  iron  ore,  usually  in  the  form 
of  beds  varying  in  thickness  from  a  few  inches  to  several  feet  ;  but 
they  sometimes  also  occur  as  lenticular  intercalations.  Small 
partings  and  seams  of  a  siliceous  lignite  are  sometimes  found 
in  the  aluminous  ore  as  well  as  in  the  pisolitic  variety,  but 
seldom  or  never  occur  in  the  lithomarge.  It  has  been  observed 
that  when  peat  water  flows  over  an  exposed  surface  of  lithomarge 
a  deposit  of  oxide  of  manganese  frequently  takes  place  in  its 
cavities  and  interstices. 

The  ochreous  rock  above  the  lithomarge  is  called  the  "  pave- 
ment," and  forms  the  floor  of  the  iron-ore  measures.  It  seldom 
contains  bauxite,  excepting  in  the  immediate  vicinity  of  a  dyke, 
where  considerable  masses  of  that  substance  frequently  occur. 

On  the  pavement  rests  the  aluminous  or  second  iron  ore,  the 
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upper  portions  of  which  are  to  some  extent  pisoUtic,  and  on  this 
lies  the  first  or  pisolitic  ore.  The  pisolitic  ore  varies  considerably 
in  thickness,  but  sometimes  reaches  30  inches.  In  colour  it  is 
either  brown  or  black,  some  of  the  pisolites  of  the  latter  colour 
having  the  appearance  of  graphite.  These  are  more  or  less 
magnetic,  many  of  them  consisting  chiefly  of  magnetite.  The 
pisolitic  iron  ore  usually  contains  from  30  to  70  per  cent,  of  iron 
oxide,  from  2  to  10  per  cent,  of  alumina,  from  5  to  10  per  cent,  of 
silica,  and  from  9  to  11  per  cent,  of  titanic  oxide.  Sulphur  is 
entirely  absent,  and  only  minute  traces  of  phosphorus  are  occasion- 
ally present.  The  aluminous  ores  contain  from  25  to  35  per  cent, 
of  iron,  from  34  to  37  per  cent,  of  alumina,  and  from  12  to  16 
per  cent,  of  silica.  They  are  free  from  sulphur,  only  occasionally 
contain  traces  of  phosphorus,  and  titanic  oxide  is  entirely  absent. 
These  ores  are  largely  employed  as  a  mixture  in  smelting 
haematites. 

Lignite  and  bauxite  occur  in  the  iron-ore  measures  of 
County  Antrim,  and  usually  replace  the  pisolitic  seam,  although 
in  some  places  the  lignite  is  separated  from  the  ore  by  a  band 
of  bauxite.  Intervening  between  the  pisolitic  ore  seam  and  the 
roof  are  two  beds  of  steatitic  clays,  known  respectively  as 
"  holing  "  and  "  brushing.  "  These  clays  contain  numerous  pisolites 
of  arragonite,  and  similar  nodules  of  that  mineral  are  by  no  means 
uncommon  in  the  lower  bauds  of  dolerite.  The  iron  measures  of 
Antrim  are  often  penetrated  and  displaced  by  basaltic  dykes, 
whose  general  bearing  is  a  little  east  of  north,  and  which  vary  in 
thickness  from  a  few  inches  to  several  fathoms.  They  have 
frequently  a  columnar  structure,  the  bases  of  the  columns  being 
nearly  at  right  angles  to  the  walls  of  the  dykes. 

These  iron-ore  measures  are  supposed  to  be  of  lacustrine 
origin,  and  to  have  been  formed  in  shallow  exj)anses  of  water  in 
basins  resulting  from  successive  but  unequal  flows  of  dolerite. 
Lignite  occurs  in  this  rock  near  Crumlin,  east  of  Lough  Neagh, 
Carnmoney,  south-west  of  Carrickfergus,  Ballyijalady,  east  of 
Antrim,  also  in  the  face  of  the  cliff  near  the  Giant's  Causeway, 
and  at  Dunagael,  Rathlin  Island.  Generally  speaking,  lignite  is 
more  or  less  associated  with  the  ironstone  measures,  but  in  some 
cases  it  occurs  between  beds  of  dolerite.  At  Lemeneigh,  west  of 
Balliiitoy,  the  lignites  contain  blocks  of  wood  which  sjAit  with 
great  facility,  while,  still  further  west,  the  wood  is  but  slightly 
mineralised  and  remains  very  much  in  its  original  condition.  In 
the  clay  below  the  lignite  are  found  plant  remains,  one  of  which  is 
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considered  by  Baily  to  be  M'Clintochia  Lycllii,  a  plant  previously 
found  only  in  Greenland. 

The  principal  localities  at  which  pisolitic  iron  ores  have  been 
worked  are  along  the  outcrop  of  the  beds  from  Knockboy  and 
Ballylig,  near  Broughshane,  to  Glenravel,  Cargan,  and  Newtown 
Crommelin,  on  the  sides  and  at  the  head  of  Gleng-ariff,  near  Carn- 
lough  and  Glenarm,  at  Shane  Hill,  west  of  Larne,  on  Island 
Magee,  at  Ballypalady,  near  the  Giant's  Causeway,  and  a  little 
inland  from  the  White  Rocks  near  Portrush.  The  whole  of  the 
workings  are  in  the  country  lying  north  and  nortli-east  of  Lough 
Neagh. 

During  the  year  1881  there  were  exported  from  County  Antrim 
198,429  tons  of  this  ore,  the  only  other  iron  ores  produced  in 
Ireland  being  gossans  from  Ballymurtagh,  County  Wicklow, 
amounting  to  1,433  tons.  In  1894  the  production  was  76,471 
tons  of  iron  ore,  valued  at  £14,689,  and  7,970  tons  of  bauxite, 
valued  at  £5,618.  Together  with  these  there  were  jDroduced  in 
various  parts  of  Ireland  7,800  tons  of  impure  bog  ore,  chiefly  used 
for  purifying  coal  gas. 

Other  Mining  Localities. — That  workings  for  copper  ore  were 
carried  on  at  a  very  early  j^eriod  in  the  Bonmahon  district,  County 
Waterford,  is  rendered  evident  by  a  number  of  ancient  wooden 
mining  tools,  which  were  discovered  by  Mr.  Petherick  in  some  old 
workings  on  the  Stage  Lode  at  Knockmahon.  During  the  course 
of  the  last  century  the  Knockmahon  mines  were  worked  at 
different  intervals  and  with  somewhat  varying  success ;  in  the 
aggregate,  however,  they  have  produced  large  quantities  of  copper 
ore  and  have  sometimes  yielded  considerable  profits  to  the  adven- 
turers. The  lodes,  which  traverse  Silurian  rocks  and  are  inter- 
sected by  numerous  cross  courses,  are,  according  to  Kinahan,  of 
Pre-Carboniferous  age,  and  are  cut  off  by  certain  red  conglomerates 
and  sandstones,  probably  of  Old  Red  Sandstone  age.  The 
general  direction  of  the  lodes  is  west  of  north,  and  the  ground 
is  traversed  by  various  dykes  of  quartz-porphyry.  The  lodes 
at  Knockmahon  have,  however,  been  worked  down  into  very 
poor  ground,  and  operations  were  ultimately  suspended  in  the  year 
1880. 

Some  rich  lodes,  unknown  to  the  ancients,  were  discovered 
about  the  year  1810  at  Allihies,  west  of  Bearhaven ;  and, 
under  the  name  of  Bearhaven  Mines,  have  since  been  success- 
fully worked  and  have  yielded  large  quantities  of  copper  ore.  The 
mines  have  now  attained  a  depth  of  above  250   fathoms,  but  the 
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returns  had  fallen  off  considerably  by  1880,  and  soon  ceased 
altogether.  The  lodes  occur  at  the  junction  of  the  Yellow  and 
Old  Red  Sandstone  of  the  Cork  type  ;  in  1881  the  annual  j)ro- 
duction  of  the  Bearhaven  IMines  was  not  above  832  tons  of  copper 
ore  of  8|  produce  and  of  the  aggregate  value  of  about  £4,500. 
The  slaty  regions,  extending  from  Cork  to  the  Mizeu  Head  and 
beyond  that  point  northward,  enclose  small  veins  containing 
copper  ores  of  high  percentage,  such  as  erubescite  and  tetrahe- 
drite ;  but,  with  the  exception  of  Bearhaven,  no  gTeafc  degxee 
of  success  has  hitherto  attended  mining  operations  in  this  j)art  of 
Ireland. 

With  the  exception  of  the  very  few  tons  of  galena  already 
mentioned,  Ireland  has  recently  produced  no  metalhferous  minerals 
at  all  except  the  iron  ores  and  iron  pyrites  previously  referred  to. 


Scotland. 

Although  the  earliest  documents  relating  to  mining  in  Scot- 
land do  not  go  further  back  than  the  twelfth  century,  the 
testimony  of  Roman  writers  and  the  number  and  variety  of 
the  prehistoric  gold  ornaments  which  have  from  time  to  time 
been  found  in  that  country  render  it  probable  that  the  early 
population  had  v/orked  the  native  sources  of  sujDply  at  a  period 
long  anterior  to  the  beginning  of  written  history.  The  first 
historical  notice  of  gold  occurring  in  Scotland  is  a  grant  in  1153 
by  David  I.  to  the  abbey  of  Dunfermline  of  a  tithe  of  all  the  gold 
from  Fife  and  Fothrif;  and,  in  1424,  the  Scottish  Parliament 
granted  to  the  Crown  all  the  gold  mines  in  Scotland.^ 

A  document  from  the  Balcarres  MSS.,  printed  in  the  Analeda 
Scotica,  first  series,  pp.  91-94,  shows  that  between  the  years 
1585-1590,  lead  ore,  to  the  amount  of  15,717  stone,  had  been 
shipped  from  Scotland  for  foreign  use.  In  the  year  1593,  Thomas 
Foullis  obtained  a  take  of  all  the  mines  in  the  sheriffdom  of 
Lanark;  and  in  1707  an  act  of  parliament  exonerated  and  dis- 
charged Charles,  Earl  of  Hopetoun,  from  a  rent  of  1,000  marks 
payable  by  him  to  the  Crown  in  terms  of  the  original  grant. 
Another  act  gave  him  the  right  to  pass  the  bridge  of  Eamwell 
Craig  and  Dunneden  with  lead  ore  and  supplies  for  the  mine  and 
miners  free  of  toll.  This  privilege  was  shared  with  the  Duke 
of  Queensberry. 

1  R.  W.  Cochran-Patrick,  Early  Records  Rdatiu'j  to  ^linhuj  in  Scotland,  Edin- 
burgh, 1878. 
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Gold. — As  far  as  is  at  present  known,  the  gold  fields  of  Suther- 
land are  all  comprised  within  a  radius  of  about  ten  miles  around 
Benuarie,  the  gold  having,  for  the  most  part,  been  found  along  the 
valleys  of  the  tributaries  of  the  Ullie  or  Helmsdale  Eiver.^ 

The  principal  streams  which  have  been  worked  are  tlie 
Kildonan,  where  gold  was  first  discovered,  the  Suisgill,  and  the 
Torrish  ;  these  streams  constitute  what  are  known  as  the  Kildonan 
diggings.  Gold  has  also  been  found  in  the  Altenbraichich,  the 
Cinpreas,  and  the  Craggie,  all  flowing  into  the  Ullie.  On  the 
south  side  of  the  dividing  range,  called  the  Crask,  gold  has  been 
found  in  the  Smeorol,  a  burn  which  falls  into  Loch  Brora  at  Gordon 
Bush,  and  hence  called  the  Gordon  diggings.  Further  west,  on 
another  tributary  of  the  Brora,  knoAvn  as  the  Black  Water,  gold 
has  been  likewise  found. 

The  prominent  geological  features  of  the  country  are  rocks 
which  are  regarded  as  being  mainly  of  Lower  Silurian  age,  con- 
sisting of  granites,  gneiss,  mica  schist,  and  quartzite,  which,  in 
a  few  localities  only,  are  traversed  by  veins  of  cjuartz.  Along  the 
coast  is  a  belt  of  coarse-grained  granite.  Old  Red  Sandstone  some- 
times caps  the  Silurian  rocks,  and  Oolitic  shales  are  found  near  the 
sea  above  the  valley  of  the  Brora.  In  the  streams  in  which  gold 
has  been  most  plentifully  found,  gneissoid  and  schistose  rocks 
prevail,  while  the  higher  ground  is  everywhere  so  thickly  covered 
by  a  deep  deposit  of  peat  that  it  is  only  at  points  situated  at 
considerable  distances  aj)art  that  any  rocks  are  exposed  on  the 
surface.  In  the  beds  of  the  rivulets  on  the  high  ground  of  the 
Kildonan  hills,  schistose  and  flaggy  rocks  largely  predominate,  and 
in  the  interstices  between  their  laminae  gold  is  sometimes  found. 

On  either  side  of  the  Kildonan,  high  moorland  hills  trend 
towards  a  range  of  quartzite  running  jDarallel  with  the  Ullie,  and 
confine  the  stream  and  its  littoral  flats  within  very  narrow  limits. 
Tributaries  occasionally  flow  into  the  main  burn  and  often  afford 
good  sections  both  of  the  rocks  and  drifts,  the  latter  usually 
yielding  a  little  gold.  In  some  places  the  Kildonan  itself  has  cut 
its  way  through  beds  of  rock  oatcroj^ping  at  the  surface,  while  in 
others  high  banks  of  sand  and  pebbles  afford  evidence  of  extensive 
alluvial  deposits.  These  flats  are  occasionally  flanked  by  deep 
terraces  of  gravel  and  drift,  from  the  surface  of  which,  mixed  with 
angular  fragments  of  granite,  grains  of  gold  may  sometimes  be 
obtained  by  panning. 

^  W.  Cameron,  "On  the  Siitherlandshire  Gold  Fields,"    Trans.  Geo!.  Soc.  of 
Glasgow,  iv.  1874,  p.  1. 
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Towards  the  lower  portion  of  the  stream  the  rocks  assume  a 
more  granitic  character,  and  are  associated  with  gneiss,  micaceous 
and  chloritic  schists,  and  quartzites,  which  are  occasionally  traversed 
by  veins  of  quartz.  In  some  parts  of  the  course  of  this  stream, 
granitic  masses  assume  the  form  of  dykes,  and  gold  appears  to 
be  most  plentiful  when  the  stream  forms  an  acute  angle  with 
the  strata  crossing  its  bed.  As  a  rule  the  miners  preferred  working 
either  in  the  vicinity  of  masses  of  granite,  or  in  the  neighbourhood 
of  a  partially  decomposed  greenish  schist.  The  earlier  operations 
of  the  diggers  were  exclusively  confined  to  the  banks  of  the 
streams  where  the  bed-rock  was  above  the  level  of  the  water.  The 
gold  was  found  chiefly  in  the  lower  drift,  but  it  has  been  also 
obtained  from  all  the  various  strata  even  up  to  the  roots  of  the 
heather.  The  drifts  vary  materially  in  character^  having  some- 
times the  appearance  of  a  ferruginous  conglomerate,  while  in 
others  the  auriferous  material  is  a  yellowish  felspathic  detritus. 
The  small  proportion  of  rounded  quartz  pebbles  and  boulders,  or 
in  some  instances  their  entire  absence,  would  be  considered  remark- 
able by  a  person  accustomed  to  the  placer  diggings  of  California 
or  Australia.  In  nearly  all  cases  the  material  which  remains 
when  the  process  of  washing  draws  towards  completion  is  found 
to  contain,  along  with  the  gold,  a  considerable  proportion  of 
titaniferous  iron  ore  and  magnetite  together  with  a  few  small 
garnets.  As  before  stated,  the  auriferous  detritus  is  generally 
almost  entirely  composed  of  somewhat  water-worn  fragments 
of  the  local  rocks  :  but  in  a  few  instances  pebbles  from  the  Old 
Red  Sandstone  and  nodules  of  red  haematite  have  been  found  among 
it.  Latterly  the  miners  no  longer  confined  their  operations  to  the 
shingle  immediately  bordering  the  streams,  but  advanced  for  some 
distance  into  the  flats  forming  their  banks,  although  with  but  very 
moderate  success. 

The  Suisgill  is  a  burn  of  about  the  same  size  as  the  Kildonan, 
but  is  flanked  by  deeper  deposits  of  drift  and  by  more  extensive 
flats  than  that  stream.  In  this  rivulet  the  gold  is  coarser  than  that 
found  iu  the  Kildonan,  and  it  is  here  that  a  two-ounce  nugget  is 
said  to  have  been  found.  The  same  rocks  present  themselves  along 
the  course  of  the  Suisgill  that  are  seen  in  the  bed  of  the  Kildonan, 
although  the  latter  affords  better  sections.  Nearly  all  the  other 
streams  exhibit  similar  peculiarities,  and  a  description  of  them  is 
consequently  unnecessary.  It  is  evident  that  gold  in  small 
quantities  is  generally  distributed  throughout  this  part  of  Scotland, 
but  there    appears  to  be  considerable  difference  of  opinion  with 
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reo'ard  to  its  derivation.  Sir  E,.  Murcliinson  believed  the  gold- 
bearing  drift  to  have  been  brought  from  the  Sikirian  plateau 
towards  the  central  and  western  portions  of  Sutherlandsliire,  while 
Mr.  Campbell  of  Islay  is  inclined  to  the  opinion  that  at  least  a 
portion  of  it  may  have  come  from  even  Scandinavia  or  Lapland ; 
both,  however,  consider  the  vehicle  of  transport  to  have  been  ice. 
No  o'old  has  yet  been  found  in  this  district  in  situ,  and  conse- 
quently no  definite  proof  exists  of  its  local  origin.  The  drift  is, 
however,  composed  of  fragments  of  purely  local  rocks,  while  quartz 
pebbles,  usually  so  plentiful  in  deposits  of  this  nature,  are  almost 
entirely  wanting.  Influenced  by  these  and  similar  considerations 
Messrs.  Joass  and  Cameron  are  disposed  to  ascribe  a  granitic 
orio-in  to  the  gold  of  this  area.  It  is,  however,  possible  that  it 
may  have  been  derived  from  the  quartz  veins  which  are  seen  in  the 
ravines  through  which  the  streams  severally  flow,  or  from  others 
which  are  now  hidden  under  a  covering  of  bog  or  other  material. 

Whether  the  gold  which  occurs  in  these  drifts  could  under 
ordinary  circumstances  afford  remunerative  occupation  to  any  con- 
siderable number  of  men,  is  open  to  grave  doubt.  When,  however, 
it  is  stated  that  a  tax  of  one  pound  per  month  was  levied  by  the 
Duke  of  Sutherland  upon  each  miner  for  the  privilege  of  digging 
for  gold  upon  his  waste  lands,  and  that  the  Government  further 
demanded  one-tenth  part  of  the  gold  found  as  royalty,  it  will  be 
easily  understood  why  gold  washing  in  this  district  was  an  industry 
of  short  duration. 

An  interesting  experiment  has  recently  been  tried  by  the 
Sutherland  County  Council,  who  arranged  for  a  number  of  men  to 
wash  gold  in  the  Suisgill  burn  for  three  months,  from  May  6th  to 
August  6th,  1895.  Seven  men  were  allowed  to  work  and  the 
results  obtained  are  shown  in  the  following  table  ^ : — 


Time  at  Work. 

Weight  of  Gold  brought  in 

I. 

11. 

III. 

IV. 

V. 

VI. 

Yll. 

May  6th  to  Aiig.  fith 

May  7th      ,,         ,,              . 
June  3rd     ,,         .,          .    - 

June  15th   ,,         .,          ... 
July  16th    „ 

oz. 
4 
3 

o 

dwt. 

3 
11 
15 
14 
14 
12 

5 

ar. 

12 
0 
5 
9 
9 

11 
2 

Total  production  .... 

12 

10 

0 

1  Communicated  by  Archd.  Argo,  Esq.,  County  Clerk. 
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It  will  be  seen  that  the  above  total,  Avorth  probably  from  £4o 
to  £50  was  obtained  by  the  labour  of  476  days,  or  about  2s.  per 
day,  while  the  best  result  is  nearly  double  this.  Unfortunately  no 
accurate  record  of  the  amount  of  ground  worked  has  been  kept. 
It  seems  that  the  area  worked  was  approximately  from  one- fourth 
to  one-third  of  an  acre,  whilst  the  average  depth  of  the  excavation 
was  about  three  feet.  Taking  the  larger  estimate,  this  would  make 
the  amount  of  ground  worked  about  1,600  cubic  yards  or  S'S'i 
grains  of  gold  to  the  cubic  yard.  This  proportion  has  paid  very 
Avell  in  California  where  cheap  water  power  at  high  levels  was 
available,  and  when  there  was  a  great  depth  of  pay  gravel,  but 
these  conditions  do  not  exist  in  this  district,  where  the  total  quantity 
of  auriferous  gi'avel  seems  to  be  insignificant.  It  was  found  that 
the  heaviest  gold  was  got  in  the  bed  of  the  burn,  and  that  further 
away  it  only  existed  as  flour  gold.  The  miners  do  not  seem  to  have 
attempted  to  save  the  latter  by  using  mercury. 

Lead,  Silver,  and  Nickel. — There  are  lead  mines  in  the 
south  of  Scotland  at  Wanlock  Head,  now  called  the  Queensberry 
Mines,  in  Dumfriesshire,  and  at  Leadhills  in  Lanarkshire,  where 
the  veins  occur  in  Silurian  rocks.  At  Cally,  in  Kirkcudbrightshire, 
copper  ore  has  been  discovered,  and  stibnite  has  been  found  in  the 
county  of  Dumfries.  In  neither  case  have  they  been  turned  to  any 
account,  although  a  small  quantity  of  lead  ore  is  annually  produced 
in  the  first-named  county.  The  lead  mines  of  Strontian,  in  Argyll- 
shire, were  once  of  some  importance,  and  a  lead  mine  in  schist 
has  been  worked  at  Tyndrum,  and  another  in  the  Isle  of  Islay. 
Pentlandite,  a  sulphide  of  iron  and  nickel,  was  some  years  since, 
worked  at  Glen  Essochossan,  two  miles  from  Inverary,  as  well  as 
at  Craignure,  in  the  vicinity  of  Loch  Fyne,  eight  miles  distant 
from  the  same  town.  About  300  tons  of  ore  averaging  14  per  cent. 
of  nickel  are  stated  to  have  been  sold  from  these  mines.  In  a 
sample  of  the  ore  from  the  Craignure  Mine  Mr.  F.  Claudet  found, 
in  addition  to  the  usual  percentage  of  nickel,  a  considerable  amount 
of  tin  oxide. 

Writing  towards  the  latter  portion  of  the  eighteenth  century 
Jars^  states  with  regard  to  Leadhills  : — "  Le  filon  principal  produit 
jusqu'^  la  plus  grande  profondeur  on  on  I'exploite,  de  100  pieds 

^  "Up  to  the  greatest  depth  to  which  it  is  worked,  100  feet  below  the  adit,  the 
principal  vein  produces  very  beautiful  spar,  lead  ore  with  large  irregular  and 
cubical  faces,  green,  black,  and  non-crystallised  white  ore,  the  latter  also  in 
white  and  very  friable  crystals.  This  variety  is  very  beautiful  and  extremely  rich 
in  lead.  I  have  seen  this  vein  worked  for  a  very  great  distance  with  a  width  of 
at  least  four  feet  in  massive  ore ;  and  I  am  assured  that  it  enlarged  as  the  depth 
increased,  as  at  its  greatest  depth  it  is  seven  feet.     This  vein  is  one  of  the  richest 

Y 
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an-dessous  de  la  galerie  d'ecoulement,  du  tres-beau  spath,  du 
mineral  de  plomb  a  larges  facettes,  irregulieres  et  cubiques,  de  la 
mine  verte,  de  la  noire,  &  de  la  blanche  non-crystallisee,  &  de  cette 
derniere  en  crystaux  blancs  &  tres-friables ;  cette  espece  est  tres- 
belle  &  extremement  riche  en  plomb.  J'ai  vu  exjsloiter  ce  filon 
sur  line  tr^s-grande  etendue,  au  moins  de  4  pieds  de  largeur  en 
mineral  massif,  &  Ton  m'a  assure  qu'il  s'elargissolt  en  approfondis- 
sant,  puisqu'a  sa  plus  grande  profondeur  11  en  avoit  7.  Ce  filon  est 
un  des  plus  riches  qu'il  y  ait  en  Europe,  je  n'al  encore  rien  vu 
qui  approche  de  cette  abondance." 

John  Mawe,^  writing  at  the  beginning  of  this  century,  says :  "The 
veins  are  in  general  large  and  extremely  rich.  The  Susanna  vein  is 
the  admiration  of  travellers,  being  a  great  rake  vein  which  in  some 
places  has  continued  for  a  considerable  way  fourteen  feet  wide  of 
solid  ore.  It  is  now  full  three  feet  wide  and  an  amazing  quantity 
is  before  the  miners.  The  mine  is  about  100  fathoms  deep  with  a 
fire-engine  not  now  employed,  a  sufficient  quantity  of  water 
having  lately  been  i^rocured  to  work  the  Avater-engines  so  as  to 
keep  the  bottom  dry."  The  mines  of  Strontian,  in  north-western 
Scotland,  afford  an  example  of  the  occurrence  of  lead  veins  in 
granite. 

In  1881  the  Leadhills  produced  1,804  tons  of  lead  ore  con- 
taining 5,412  oz.  of  silver,  of  the  total  value  of  £17,138. 

During  the  year  ending  June  1883  the  quantity  of  ore  dressed 
was  2,891  tons;  2,115  tons  of  ore  were  smelted,  producing  with  the 
fumes,  1,693  tons  of  lead.  In  1894  the  Leadhills  produced  1,876 
tons  of  lead  ore  which  yielded  1,390  tons  of  lead,  and  7,299  oz.  of 
silver,  and  was  worth  apiDroximately  £10,000. 

In  1881  the  Queensberry  Mines,  late  Wanlock  Head,  yielded 
1,826  tons  of  lead  ore  containing  8,000  oz.  of  silver,  worth  £17,347. 
In  addition  to  the  above  the  East  Black  Craig  Mine,  in  Kirkcud- 
brightshire, yielded  176  tons  of  lead  ore,  value  £1,628.  During  the 
same  jjeriod  232  tons  of  cojjper  ore,  value  £468,  were  produced  in 
Shetland,  and  323  tons  of  blende,  value  £607,  Avere  raised  at  the 
East  Black  Craig  and  Queensberry  mines.  In  1894  the  Queens- 
berry  mines  j)roduced  2,152  tons  of  lead  ore  yielding  1,697  tons  of 
lead  and  11,863  oz.  of  silver,  and  valued  at  about  £20,000;  also 
160  tons  of  blende,  worth  £560. 

Blackband  Ironstone. — In  Scotland  the  coal-bearing  strata 
lying  above  the  Millstone  Grit  are  known  as    the    Upper  Coal- 
in  Europe — I  have  not  yet  seen  anything  which  approaches  to  it  in  abundance." — 
Voyages  MetaUurgiques,  ii.  p.  531,  Paris,  1780. 
■'     Mineralogy  of  Derhyshire,  d:c.,  London,  1802,  p.  137. 
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measures,  while  the  seams  of  coal  in  the  Carboniferous  Limestone 
belong  to  the  Lower  Coal-measures.  These  measures  stretch  across 
the  country  in  a  south-westerl}^  direction  from  the  German  Ocean 
to  the  North  Channel.  In  addition  to  coal  both  the  upper  and 
lower  series  contain  valuable  seams  of  blackband  ironstone.  This 
term  is  applied  to  ironstones  of  a  dark  browm  or  black  colour 
containing  a  sufficient  amount  of  carbonaceous  matter  to  enable 
them  to  be  burnt  in  heaps  without  the  addition  of  extraneous  fuel. 
When  thus  burnt  the  residues  often  }deld  from  50  to  70  per  cent, 
of  metallic  iron.  Blackband  ironstone  is  found  both  in  the  upper 
and  in  the  lower  series.^ 

The  Ui^per  contains — 

Thickness. 

The  Palace  Craig  Blackband 12  inches. 

,,     Airdrie 16      ,, 

,,     Bellside 6      ,, 

,,     Kiltongue about      6      ,, 

,,     Calderbank  or  Kennelburn ,,       10      ,, 

,,     Slatyband from  12  inches  to  3  feet. 

,,     Lower  Slatyband ,,     12     ,,     „     18  inches. 

The  LoAver  series  contains — 

The  Possil  Upper  Blackband 12  inches. 

,,     Possil  Lower 12      ,, 

„     Banton 12      ,, 

All  these  ironstones  have  been  found  in  some  part  of  Lanark- 
shire, the  principal  seams  being  the  Airdrie  Blackband  and  the 
Slatyband.  The  former,  now  nearly  exhausted,  has  been  found  in 
Avorkable  quantity  within  an  area  of  only  about  ten  square  miles, 
but  its  equivalent  in  the  form  of  a  thin  seam  of  coal  covers  an 
area  of  from  fifty  to  sixty  square  miles.  The  Slatyband  extends 
over  a  considerable  area,  but  is  variable  both  in  thickness  and 
quality,  sometimes  gi-adually  thinning  out  and  disappearing.  It  is 
found  in  Lanarkshire,  A}Tshire,  and  Fifeshire,  though  in  the  last- 
named  locality  it  is  not  of  good  quality.  In  Linlithgowshire  it  is 
represented  by  the  celebrated  Boghead  cannel  coal. 

Blackband  was  discovered  in  Lanarkshire  by  Mushet  in 
1801,  and  has  for  many  years  been  very  extensively  worked,  but 
at  the  present  time  the  supply  is  very  rapidly  falling  off.  The 
yield  of  blackband  ironstone  is  at  the  rate  of  2,000  tons  cal- 
cined ore,  equivalent  to  1,000  toDS  pig  iron,  -per  acre  for  each  foot 
in  thickness. 

Clay   ironstone   is   worked   in    connection   with    the    Shotts 

1  Ralph  Moore,  "  On  Coal  and  Ironstone  Mining  in  Scotland,"  Proc.  S.  Wales 
Inst.  ofEnrj.  iii.  1864,  p.  239. 
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Furnace  Coal  and  the  Ball  or  Coalinshields  Coal,  and  two  bands 
of  clay  ironstone  occur  in  the  underlying  Millstone  Grit  series, 
namely,  the  Ginstone  and  the  Curdley  or  Curly  ironstone.  Clay- 
band  ironstone  of  good  quality  was  formerly  obtained  at  Banton 
and  Denny  in  the  Carboniferous  limestone  series.  Several  seams 
of  the  same  mineral  have  been  mined  at  Falkirk  among  the  strata 
immediately  overlying  the  Slatyband  ironstone.  This  ore  has 
also  been  obtained  from  the  horizon  of  the  Brighton  Main  and 
the  Auchingane  coals.  Of  the  2,595,375  tons  of  ironstone  pro- 
duced in  1881  in  Scotland,  1,402,700  tons  were  Blackband,  and 
1,192,675  tons  Clayband.  By  189-i  the  output  of  Scotch  ores  had 
diminished  very  markedly,  the  total  output  for  that  year,  nearly 
all  of  clay  band,  being  631,304  tons  valued  at  £242,168. 

Genebal  Summary  of  the  Production  of  Metalliferous  Minerals  in  the 
United  Kingdom  during  the  year  1882.^ 


Description  of  Ore. 

Quantities. 

Values. 

Iron  ore     

Bog  iron  ore 

Tons. 
18,031,957 
5,872 
14,045 
52,810 
65,001 

£ 

5,779,285 

1,957 

805,847 

206,738 

592,610 

93,571 

14,459 

241 

3,907 

747 

11,614 

Copper  ore 

32,539 
25,403 

38 
1,548 

58 
12,564 

minerals  .... 

Iron  pyrites 

Cobalt  and  Nickel  ore    .    .    . 
Manganese  ore 

Arsenical  pyrites 

Total  value  of  metalliferous 

£7,510,976 

The  production  of  metalliferous  minerals  in  Great  Britain  has 
been  for  many  years  steadily  diminishing ;  at  present  its  value  is 
less  than  one-half  of  that  of  the  slates  and  stones  quarried  in  the 
kino-dom,  and  only  about  one-fifteenth  of  that  of  the  coal  raised,  so 
that  the  metallic  minerals  contribute  a  comparatively  insignificant 
proportion  to  the  value  of  the  total  mineral  output,  nor  does  there 
seem  to  be  much  probability  of  any  very  marked  improvement  in 
this  direction. 

For  the  sake  of  comparison  the  production  of  metalliferous 
minerals  in  the  years  1888  and  1894  taken  from  the  Annual 
Statistics  published  by  the  Home  Office  is  here  subjoined  : — 

1  "  Mineral  Statistics  of  the  United  Kingdom  for  the  year  1882,  prepared  by 
Her  Majesty's  Inspectors  of  Mines."     London,  1883. 
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Description  of  Ore. 

j           1888.           j                         1894. 

1 

Quantities.      !         Values.        ;     Quantities. 

Values. 

Bauxite 

Arsenic 

Arsenical  pyrites     .    . 
Bog  Iron  ore     .... 
Cobalt  and  Nickel  ore 

Copper  ore 

Copper  precipitate  .    . 

Gold  ore 

Iron  ore     

Iron  pyrites      .... 

Lead  ore    

Manganese  ore     .    .    . 
Ochre,  Umber,  &c.  .    . 

Tin  ore 

Uranium  ore     .... 

Wolfram 

Zinc  ore 

Tons. 
9,666 
4,624 
5,325 

10,927 
152 

15,132 

418 

3,844 

14,590,713 

23,507 

51,259 
4,342 
7,573 

14,370 

60 
26,408 

t                    Tons. 

4,8,33                7,970 

35,197                4,801 

4,240     1           3,288 

5,463                7,803 

746     !           — 

60,980                oJ53 

6,539                  ^1 

27,300     1           6,603 

3,501,317     1  12,367,308 

11,302     1         15,523 

438,383     !         40,600 

1,934                1,809 

13,387                8,516 

894,665     1         12,910 

—          !                 19 

1,625               — 

96,984              21,821 

& 

5,618 

48,614 

3,823 

1,951 

13,909 

2,313 

13,573 

3,190,647 

8,042 

266,995 

740 

14,040 

487,523 

815 

67,311 

Total  values  of  metallift 

irous  minerals 

5,104,895     j 

4,125,914 

FRANCE 


Metal  mining  in  France  is  of  very  ancient  origin,  as  the  Gauls 
were  familiar  with  gold,  silver,  lead,  copper,  tin  and  iron,  previous 
to  the  Roman  conquest  of  the  country.  Under  Roman  govern- 
ment metalliferous  mines  were  extensively  worked,  but  at  the 
time  of  the  Northern  invasion  they  were  generally  abandoned. 
At  a  later  date  mining  was  resumed  by  the  Saracens,  who  carried 
on  that  industry  in  the  Pyrenees  and  in  various  other  districts,  but 
it  was  not  until  nearly  the  end  of  the  eleventh  century  that  the 
mines  of  France  assumed  any  distinctive  importance.  In  the 
thirteenth  century  mining  was  again  generally  abandoned  in  con- 
sequence of  long-continued  wars,  and  the  mines  were  not  re-opened 
until  the  commencement  of  the  sixteenth  century.  During  the 
Thirty  Years'  War  ojDerations  were  again  arrested,  and  it  was  not 
until  the  beginning  of  the  eighteenth  century  that  some  prosper- 
ous minino-  undertaking's  were  carried  on  in  Brittany,  in  the 
Pyrenees,  and  in  Central  France.  This  prosperity  of  mining 
enterprise  was  however  only  temporary,  and  it  is  somewhat 
remarkable  that,  with  the  exception  of  those  of  iron  ores,  com- 
paratively few  of  the  metalliferous  deposits   of  France  are  rich 
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enough,  and  at  the  same  time  sufficiently  easy  of  access,  to  repay 
the  expenses  of  working. 

France  has  no  vakiable  gold  mines,  but  the  sands  of  some  of 
her  rivers  are  to  a  small  extent  auriferous.  The  only  vein  known 
to  contain  gold  in  appreciable  quantities  is  that  of  La  Gardette,  in 
the  Department  of  Isere,  which  is  from  two  to  three  feet  in  width, 
and  is  enclosed  in  gneiss.  Gold  was  discovered  in  this  locality 
in  the  year  1700,  and  workings  were  intermittently  carried  on  up 
to  1841,  the  mf)st  active  period  having  apparently  been  about 
1780,  but  the  aggregate  amount  of  the  precious  metal  obtained 
was  very  small.  From  1841  to  1862  it  seems  to  have  been 
worked  fitfully  as  a  "  specimen  "  mine,  but  no  serious  work  seems 
to  have  been  done.  At  the  same  time  there  seems  to  be  some 
pretty  conclusive  evidence  to  show  that  the  vein  here  is  permanent, 
but  that  it  becomes  poor  in  depth.^  The  Rhine,  until  recently 
forming  for  some  distance  the  eastern  boundary  of  France,  for 
centuries  yielded  small  quantities  of  gold,  and,  according  to  a 
report  of  Reaumur  presented  to  the  Academy  of  Sciences  in  1718, 
its  sands  had  been  chiefly  worked  between  Strasburg  and  Philipps- 
burg.  The  gold  of  the  Rhine  in  the  vicinity  of  Strasburg  formerly 
belonged  to  the  magistrates  of  that  city,  who  farmed  out  the  gold- 
washing  on  a  royalty,  but  in  the  year  referred  to  they  only  received 
some  four  or  five  ounces  as  their  proportion  of  the  annual  pro- 
duce. In  the  year  1846  Daubree  made  an  exhaustive  report 
to  the  Academy  of  Sciences  in  which  he  states,  that  the  gravels 
most  commonly  worked  were  those  deposited  below  sand-banks 
or  gravel  islands  which  have  been  eroded  by  the  river ;  and  that 
the  gold  is  chiefly  concentrated  in  the  coarser  gravels  which  have 
been  freed  from  silt  and  fine  sand  by  the  action  of  currents.'^ 
The  gold  usually  occurs  in  the  form  of  minute  scales,  and  is 
•constantly  accompanied  by  titan ife reus  iron  ore,  the  amount  of 
which  is  proportionate  to  the  richness  of  the  original  sand  in  the 
precious  metal.  The  workable  beds  are  invariably  thin,  seldom 
exceeding  six  inches  in  thickness,  and  the  particles  of  gold  are 
exceedingly  small,  since  the  number  required  to  weigh  one  milli- 
gramme varies  from  17  to  22,  while  one  cubic  metre  of  gravel 
<;ontains  from  4,500  to  86,000  of  such  scales.  In  addition  to  the 
auriferous  deposits  which  accumulate  in  the  bed  of  the  stream, 
Daubree  states  that  the  ancient  detritus  on  its  banks,  extending 
from  three  to  four  miles  in  width,  also  affords  an  appreciable  amount 

1  T.  A.  Rickard  "La  Gardette,"  Trans.  Amtr.  Inst.  M.  E.  xxi.  1892,  p.  79. 

2  Comjites  Rendus,  xxii.  1846,  p.  639. 
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of  gold,  but  that  the  fine  silt  free  from  gravel  may  be  regarded  as 
totally  barren. 

The  sands  of  the  Rhine  are  still  occasionally  washed  upon  a 
small  scale,  but  it  is  believed  their  production  was  formerly  more 
considerable  than  it  is  at  present.  The  yield  of  the  year  1846 
was  estimated  at  £1,800,  the  washers  usually  making  from  one 
and  a  half  to  two  francs  per  diem,  although  they  occasionally 
realised  from  ten  to  fifteen  francs.  After  a  very  careful  study  of 
the  whole  question  Daubree  arrived  at  the  conclusion  that,  by  the 
aid  of  proper  appliances,  these  sands  might  possibly,  at  that  time, 
be  treated  with  advantage.  Some  of  the  operations  were  evidently 
capable  of  improvement,  since  the  washing  was  entirely  conducted 
by  manual  labour,  although  the  motive  power  of  the  river  itself 
might,  if  applied  to  a  dredging  machine,  be  easily  made  to  remove 
the  richer  gravels  and  to  deposit  them  at  the  head  of  a  properly 
arranged  sluice.  Although  the  application  of  machinery  might 
doubtless  in  this  and  other  ways  be  made  to  materially  lessen 
the  expense  of  washing  the  sands  of  the  E-hine,  the  yield  of  gold 
is  so  exceedingly  small  that  it  is  nevertheless  doubtful  whether 
by  any  known  method  of  treatment  satisfactory  results  could  be 
obtained. 

Several  localities  in  France  have  from  time  to  time  afforded 
small  quantities  of  gold,  the  River  Ariege  (Aurigera)  being  said 
to  have  derived  its  name  from  its  auriferous  sands.  The  Avashing 
of  these  up  to  the  close  of  the  fifteenth  century  is  stated  to  have 
yielded  nearly  a  hundred  pounds  weight  of  the  precious  metal 
annually.  Small  quantities  of  gold  have  been  also  sometimes  ob- 
tained by  washing  a  conglomerate  of  Carboniferous  age,  in  the 
vicinity  of  Bess^ges,  Departement  du  Gard,  where  traces  of  gold 
occur  in  the  quartzose  pebbles  of  the  Millstone  Grit. 

The  production  of  gold  in  France  during  the  year  1880  is 
officially  stated  to  have  been  31  kilogr.  or  996|  oz.,  but  the  ores 
from  which  it  was  obtained  were  probably,  in  part  at  least,  derived 
from  foreign  sources. 

Iron  ores  are  produced  in  over  thirty  of  the  departements  of 
France,  the  largest  proportion  by  far,  ranging  from  one-half  to 
two-thirds  of  the  total,  coming  from  the  Meurthe-et-Moselle.  The 
ore  chiefly  worked  here  is  that  of  the  stratified  oolitic  deposits, 
to  which  reference  has  already  been  made  (p.  44),  It  forms  a 
portion  of  the  extensive  bed  of  ore  which  supplies  the  largest 
proportion  of  the  iron  ore  raised  and  consumed  in  Germany, 
Alsace-Lorraine,  and  Luxembourg,  as  well  as  in  France.     In  the 
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departement  of  Meurtlie-et-Moselle  there  are  two  main  centres  of 
production  of  about  equal  importance,  namely,  Nancy  and  Briey 
including  Longwy,  The  mineral,  Avhich  consists  of  a  hydrated 
oxide  of  iron  of  highly  oolitic  structure,  occurs  at  the  contact  of 
the  Upper  Lias  and  the  Inferior  Oolite  in  the  so-called  Toarcian 
beds.  The  beds  of  ore  dip  at  flat  angles.  There  are  usually 
three,  separated  by  beds  of  shale  ;  the  entire  thickness  of  the 
ferriferous  strata  in  this  departement  is  about  100  feet,  but  not 
more  than  3  or  4  feet  thick  can  be  worked  as  a  rule.  These 
deposits  are  in  many  respects  comparable  to  the  Cleveland  ores 
and  have  like  them  probably  been  formed  metasomatically,  but 
have  undergone  subsequent  alteration.  This  deposit  has  for  years 
past  produced  from  two  to  three  millions  of  tons  of  ore  per  annum 
in  France.  In  the  same  departement  another  form  of  deposit, 
consisting  of  pockets  of  an  oolitic  haematite  in  the  oolitic  limestone, 
has  been  worked  to  some  extent,  though  not  since  1882.^ 

Similar  deposits,  but  of  a  slightly  different  geological  age 
(Bajocian  =  Inferior  Oolite),  have  been  worked  at  Privas  in  the 
departement  of  Ardeche  and  various  other  places.  These  were  at 
one  time  very  productive,  their  output  in  1868  having  been  about 
160,000  tonnes  per  annum,  according  to  Fuchs  and  Delaunay  Hoc. 
cit.) ;  twenty  years  later  their  output  had  fallen  greatly,  that  of 
the  whole  departement  having  been  only  93,000  tonnes  in  1868, 
and  62,000  tonnes  valued  at  377,000  francs  (about  £15,000)  in 
1890 ;  to  these  latter  totals  the  mines  of  La  Youlte,  likewise  a 
bedded  deposit  of  Oolitic  age,  also  contributed. 

At  Mazenay  and  Changes  (departement  of  the  Saone-et-Loire), 
the  Creuzot  Company  works  deposits  which  seem  to  be  either 
contact  veins  or  else  large  flat  irregular  dej)osits  of  lenticular  shape 
between  certain  beds  of  crystalline  limestone  and  shales  of  Liassic 
age.  This  deposit  too  seems  to  have  been  most  productive  in  the 
year  1868  when  it  yielded  250,000  tonnes  ;  in  1890  it  produced 
128,000  tonnes  valued  at  400,000  francs  (£16,000).  Pockets  of 
iron  ore  in  Jiirassic  limestone  are  worked  at  Berry  (departement 
of  Cher). 

The  small  amount  of  clayband  carbonate  that  used  to  be  got  in 
some  of  the  coal  measures,  especially  in  the  basin  of  the  Loire,  was 
in  1894  quite  insignificant.  At  Alleward  and  Vizille  (departement 
of  Is^re)  spathic  ore  in  veins  cutting  across  micaceous  and  talcose 
schists  of  Triassic  age  is  being  mined  ;  veins  of  sjDathic  ore,  altered 

^  Fuchs  and  De  Launay,  TraiU  chs  Gites  Mimraux  tt  Metalliftres,  Paris,  1893,, 
p.  779. 
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in  the  upper  f)ortions  to  red  and  brown  haematites  and  locally  to 
magnetite,  have  been  and  are  still  actively  worked  at  Canigou  in 
the  Pyrenees ;  a  mass  of  granite  has  here  pierced  the  surrounding- 
stratified  rocks,  and  along  an  ellipsoidal  zone,  having  a  maximum 
diameter  of  about  ten  miles,  where  the  two  different  rocks  come 
in  contact  with  one  another,  are  numerous  deposits  of  carbonate 
and  oxide  of  iron.  In  this  way  the  mines  of  Batere,  Rocas-Negros, 
Droguere,  Olette,  Fillols,  Vellestavia,  Saint-Martin,  &c.,  are  ar- 
ranged around  the  central  mass  of  granite. 

In  1888  the  output  was  6,900  tonnes  of  spathic  and  33,400 
tonnes  of  haematite  ore.  Somewhat  similar  deposits  in  bedded  veins 
are  also  worked  on  the  Mountain  of  Rancie  near  Vicdessos  (departe- 
ment  of  Aiiege),  the  production  for  1890  having  been  11,228 
tonnes.  These  mines  some  years  since  kept  no  less  than  fifty 
Catalan  forges  constantly  supplied  with  suitable  ore,  and  are 
known  to  have  been  worked  during  a  period  of  more  than  six 
hundred  years.  The  enclosing  rocks  are  wdiite  granular  limestone, 
a  less  cr}^stalline  gray  calcareous  rock,  and  argillaceous  schists  of 
Jurassic  age.  The  iron  deposits  of  Rancie  occur  in  nearly  vertical 
deposits,  one  of  which  is  so  permeated  by  brown  and  red  haematite, 
spathose  iron  ore,  and  occasionally  with  oxide  of  manganese,  that 
ore  frequently  becomes  the  prevailing  material.  The  limestones 
are  often  much  coloured  by  oxide  of  iron,  and  are  traversed  by 
numerous  veins  of  pure  haematite  containing  druses  lined  with 
concentric  layers  of  brown  and  red  oxide  of  iron.  This  deposit, 
which  has  an  average  thickness  of  about  sixty-five  feet,  can  be 
traced  from  the  bottom  of  the  mountain  to  its  summit,  a  height  of 
1,970  feet,  while  its  inferior  limit  has  never  yet  been  reached. 
The  parallelism  of  this  formation  with  the  surrounding  strata 
caused  them  for  a  long  time  to  be  regarded  as  being  of  contem- 
porary origin,  but  M.  Dufrenoy,  who  some  years  since  examined 
this  deposit,  inclined  to  the  opinion  that  the  deposition  of  iron 
ores  took  place  subsequently  to  that  of  the  enclosing  strata. 

At  St.  Renny  in  the  departement  of  Calvados  and  in  the 
district  of  Segre  (Maine-et-Loire),  beds  of  red  haematite  in  Silurian 
quartzites  are  worked,  and  a  similar  deposit,  in  which  the  beds, 
standing  on  edge,  occur  in  metamorphic  rocks  resting  against  a 
boss  of  granite,  was  worked  as  recently  as  1892  beneath  the  sea  at 
Drelette,  in  the  departement  of  La  Mauche. 

The  table  on  next  page,  showing  the  output  in  tonnes  of  the 
various  departements,  will  give  a  clear  idea  of  the  state  of  iron  ore 
production  in  France  : — 
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DSpartements. 


Mevirthe-et-Moselle 
Saone-et-Loire 
Haute  Marne    . 
Lot-et-Garonne 
Ardeche     .    .    . 

Gard 

Pyrenees  -  Orientales 
Calvados    .    .    . 

Cher 

Maiiche      .    .    . 

Isere   

Loire  Inferieiire 
Miscellaneous   . 


Totals 


Tonnes. 
1,658,000 
160,000 
195,000 

190,000 
88,000 
98,000 
30,000 

102,000 
12,000 
53,000 
12,000 

276,000 


IS85. 


Tonnes. 

1,612.000 

116,000 

147,000 

45,000 

70,000 

53,000 

55,000 

22,800 

54,000 

35,000 

24,200 

4,300 

79,700 


2,874,000     I    2,318,000 


Tonnes. 

2,630,311 

128,686 

116,178 

81,325 

62,059 

61,179 

60,280 

58,777 

54,000 

51,359 

46,320 

44,093 

77,433 


3,472,000 


Tonnes. 

3,062,373 

104,351 

155,254 

51,320 

23,605 

57,575 

57,962 

97,433 

29,513 

46,538 

7,757 
78,420 


3,772,101 


The  following  table  gives  the  production  of  the  various  kinds 
of  iron  ore  in  France  in  the  respective  years  : — 


Nature  of  Ores.                                1880. 

18S5. 

- 

1894. 

Oolitic  hydrated  ores     ... 
Other  hydrated  ores   .... 

Red  hajmatite 

Brown  ha-niatite 

Spathic  ore 

Clay  ironstone      

Magnetite 

1,841,000 
554,400 
242,400 
1(17,500 
103.400 
5,8(J0 
19,700 

1,861,400 
151,700 

97,900 
146,100 

51,200 

9,700 

3,348,000 

154,0(X) 

130,000 

79,000 

61,000 

2,874,200             2,318,000 

3,772,000 

Copper  mines  have  been  worked  in  the  departements  of  Var, 
Gard,  Basses-Pyrenees,  and  in  Savoie,  but  their  aggregate  produc- 
tion of  merchantable  ore  during  the  year  1880  amouiited  to  only 
550  tonnes,  whilst  no  productive  copper  mines  existed  in  France 
in  1894.  Zinc  ores  are  produced  in  various  parts  of  France,  but 
the  most  important  are  those  of  Saint  Laurent-le-Minier,  Gard, 
which  yielded  about  one-half  of  the  annual  production  of  the 
country  in  1880.  Within  the  last  ten  years  the  production  of 
zinc  ores  has  increased  enormously,  having  risen  from  12,000 
tonnes  in  1880  to  56,500  in  1891,  in  which  latter  year  the  departe- 
ment  of  Gard  produced  23,770  tonnes,  and  Var  20,670.  In  1894 
the  production  of  France  was  nearly  77,000  tonnes,  to  which  total 
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the  above  departements  contributed    39,300  and    29,300   tonnes 
respectively. 

Burat  ^  divides  France  into  five  metalliferous  districts,  namely  : 
— the  jDromontory  of  Brittany,  bounded  by  a  line  extending  from 
Contentin,  passing  near  Alenc^on  and  Angers,  and  terminating  in 
the  vicinity  of  Parthenay ;  the  mountainous  range  of  the  Vosges, 
forming  a  kind  of  island  surrounded  by  sedimentary  rocks ; 
the  great  plateau  of  Central  France ;  the  Pyrenees ;  and  the 
Alps. 

Brittany. — Both  with  regard  to  its  geographical  position  and 
its  geological  constitution,  Brittany  closely  resembles  Cornwall, 
being  like  it  a  region  largely  composed  of  clay  slates  broken 
through  by  granite,  traversed  by  dykes  of  porphyry,  and  penetrated 
by  masses  of  serpentine.  In  spite,  however,  of  these  analogies  the 
metalliferous  deposits  of  the  two  countries  are  of  very  unequal 
importance.  In  Brittany  the  tin  veins  of  Cornwall  are  but  feebly 
represented,  copper  lodes  do  not  exist,  and  mines  of  argentiferous 
galena,  similar  to  those  of  North-Western  Cornwall,  exist  but  are 
not  very  actively  wrought. 

Oxide  of  tin  has  been  found  in  small  quantities  in  various 
localities,  particularly  at  Pyriac,  two  and  a  half  miles  west  of  the 
mouth  of  the  Loire,  and  at  the  Moulin  de  la  Villeder,  Morbihan. 
At  Pyriac  the  clay  slate  is  in  contact  with  the  granite,  and 
at  their  point  of  junction  there  is  an  alternation  of  schistose  and 
granitic  or  gneissic  rocks  containing  oxide  of  tin,  which  occurs  either 
disseminated  through  thin  veins  of  quartz  or  in  the  form  of  small 
concretionary  masses.  A  considerable  amount  of  prospecting  was 
carried  on  at  this  place  in  1818,  but  although  about  10  cwts.  of 
tinstone  were  collected,  no  workable  or  regular  deposit  of  that 
mineral  was  discovered. 

At  the  Moulin  de  la  Villeder,  near  the  rock  Saint-Andre,  a 
vein  of  stanniferous  quartz  is  enclosed  in  granite.  Its  direction  is 
N.  34°  W.,  and  the  veinstone  assumes  a  greenish  colour  wherever 
oxide  of  tin  is  present.  In  addition  to  cassiterite  this  vein  contains 
mispickel,  topaz  and  emerald,  and  at  various  places  in  the  district 
the  alluvium  is  to  some  extent  stanniferous. 

Poullaouen  and  Huelgoet,  situated  near  Morlaix,  in  the 
departement  of  Finistere,  were  for  a  long  time  the  most  important 
lead  mines  in  France,  but  have  not  been  in  active  operation  since 
the  year  1866,  and  were  abandoned"  in  1868.  The  workings,  first 
commenced  in  1729,  were  chiefly  confined  to  two  principal  lodes, 
both  of  which  traverse  clay  slates  of  Silurian  age.     The  main  lode 

^  Geologic  Appliquee,  3rd  ed.  part  i.  p.  364. 
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at  Poullaoueu  was  oiDened  for  a  length  of  750  fathoms  and  to  a 
depth  of  about  100  fathoms.  Its  width  is  very  irregular,  varying 
from  a  feAV  inches  to  twenty-five  fathoms.  Its  average  breadth, 
which  is  somewhat  difficult  to  determine,  as  it  has  neither  selvages 
nor  well-defined  walls,  may  be  taken  at  about  six  feet,  Avhile  its 
course  is  nearly  north-west  and  south-east  with  a  dip  of  45°  to 
the  north-east.  The  country  rock,  consisting  of  clay  slate,  associated 
with  quartzite  and  greenstone,  strikes  east-north-east  and  west- 
south-west,  and  dips  at  an  inclination  varying  from  40°  to  50° 
towards  the  south.  The  principal  ore  is  argentiferous  galena, 
which  is  more  or  less  mixed  with  blende  and  iron  j^yrites.  These 
minerals,  like  the  accompanying  quartzose  veinstone,  form  a 
network,  in  which  the  galena  is  more  frequently  associated  with 
slate  than  it  is  with  quartz.  The  strings  or  threads  of  mineral, 
which  are  often  very  narrow,  sometimes  expand  to  a  width  of 
several  inches,  and  frequently  separate  to  again  re-unite.  Granular 
ore  is  sometimes  disseminated  throughout  the  slate  which  forms 
a  portion  of  the  vein-material,  and  even  the  wall  rock  is  iii  some 
cases  similarly  impregnated.  This  lode  was  considered  rich  when 
ga,lena  formed  one-tenth  of  the  vein-material.  The  galena  is  by 
no  means  equally  distributed  throughout  the  lode,  but  is  found  in 
courses  of  from  40  to  50  fathoms  in  length  which  incline  at  various 
angles  in  the  direction  of  its  strike.  The  ore  contains  from  0*0003 
to  0"0005  of  silver,  or  from  9  oz.  16  dwt.  0  gr.  to  16  oz.  6  dwt.  16  gr. 
per  ton. 

The  principal  lode  at  Huelgoet,  which  is  on  the  whole  more 
regular  than  that  of  Poullaouen,  but  nevertheless  varies  in  width 
from  twenty  inches  to  seventy-five  feet,  has  been  followed  in  length 
for  a  distance  of  500  fathoms  and  to  a  depth  of  about  135 
fathoms.  Its  average  width  may  be  taken  at  about  twelve  feet, 
its  strike  being  north-west  and  south-east,  with  a  dip  of  about 
70°  north-east.  In  addition  to  argentiferous  galena  this  lode 
yields  gossans,  tcrrcs  rouges,  carrying  a  considerable  amount  of 
silver,  both  in  the  native  state  and  as  horn  silver.  These  ochreous 
ores  were  mostly  treated  by  amalgamation.  The  principal  vein- 
stone is  quartz,  which,  in  addition  to  galena,  contains  patches  of 
p}Tites,  blende,  pyromorphite,  cerussite,  phimbo-resinite,  and 
laumonite.  Blende  and  quartz  frequently  form  ring  ores,  of  which 
the  centre  is  blende,  and  fragments  of  the  wall  rock  are  often  in 
the  same  way  encysted  by  an  envelope  of  silica,  as  shown  in  Fig.  88, 
page  88. 

For  several  years  previous  to  1857  the  average  annual  yield  of 
these  mines  was  about  240  tons  of  litharge,  120  tons  of  soft  lead. 
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and  1,280  kilogr.  of  silver  ;  the  whole  being  of  the  estimated  value 
of  480,000  francs,  or  £19,200. 

At  Pontjaean  near  Rennes,  a  lode  yielding  argentiferous  galena 
and  blende  has  been  worked  for  a  great  many  years ;  the  vein  is, 
according  to  M.  Fuchs,  ^  a  jSssure  vein,  enclosed  in  an  ancient 
slate  rock,  running  about  N.  20'  W. — S.  20°  E.  and  practically  verti- 
cal. The  interior  of  the  fissure  contains  the  lead  and  zinc  ores 
irregularly  distributed,  and  there  seems  a  probability  that  this  vein 
was  reopened  subsequently  to  its  formation,  but  that  the  new  fissure 
was  only  filled  with  clayey  matter,  spoken  of  here  as  the  "  blue 
fault,"  within  which  are  found  fragments  of  ore  broken  from  the 
vein  itself.  Its  thickness  is  very  variable,  between  half  an  inch 
and  28  feet,  with  an  average  of  8  feet.  It  has  been  worked  to  a 
depth  of  some  900  feet.  This  vein  seems  to  be  in  some  way 
connected  with  a  dyke  of  igneous  rock,  apparently  a  diorite,  which 
has  broken  through  the  Silurian  schists  at  this  point  and  which 
would  seem  to  be  older  than  the  vein  itself.  The  production  of 
this  mine  has  been  : — 

In  1880  lead  ores  4,184  tonnes,  zinc  ores  1,501  tonnes,  total  value  £43,388. 
In  1890        ,,         7,757      „  ,,        1,134  ,,  ,,  £58,330. 

It  also  produced  in  1890  2,629  tons  of  argentiferous  iron 
pyrites,  a  mineral  which  was  produced  in  but  very  small  quantity 
ten  years  before.     In  1894  its  production  was  as  follows: — 

Argentiferous  galena 16,136  tonnes  ^ 

Zinc  blende 3,414      ,,       l Total  value  £63, 320.- 

Argentifei-ous  pyrites 1,657      ,,      J 

According  to  the  report  of  the  Directors,  issued  April  30th,  1896, 
the  production  during  1895  was  119,310  tonnes  of  crude  ore,  which 
yielded  on  dressing  a  total  weight  of  30,502  tonnes  of  galena,  zinc 
blende  and  pyrites,  and  15,057  tonnes  of  galena  containing  55°/^ 
of  metallic  lead,  the  total  value  of  these  products  being  about 
£68,470.  The  greatest  depth  attained  in  that  year  was  482|- 
metres. 

There  are  likewise  veins  of  galena,  which  were  formerly 
worked  near  Saint-Brieuc,  but,  having  gradually  become  im- 
poverished in  depth,  they  were  abandoned  in  the  year  1790, 
since  which  period  some  of  them  have  been  re-worked  and  again 
abandoned.  The  other  veins  of  lead  ore  known  to  exist  in  this 
region  are  not  sufficiently  important  to  demand  any  special 
notice. 

The   Vosges. — The    deposits   of   argentiferous  galena  of  this 
^  Rapport  sur  les  Mines  de  Poutpean  [Benne-i),  1880. 
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region,  which  were  wrought  at  a  very  early  period,  and  yielded 
considerable  returns  of  lead  and  silver  during  the  course  of  the 
last  century,  are  now  almost  entirely  abandoned.  Burat  attributes 
this  decay  of  the  mining  industry  of  the  Vosges  to  bad  manage- 
ment and  a  shortsighted  policy  on  the  part  of  former  proprietors, 
and  exjDresses  his  belief  that  had  the  same  veins  been  situated 
in  Saxony  or  the  Harz,  many  of  them  would  luive  continued  in 
active  ojjeration  down  to  the  present  day. 

Numerous  veins  of  argentiferous  galena  occur  in  the  neigh- 
bourhood of  Sainte-Marie-aux-Mines,  the  principal  of  which  is 
known  as  the  Lacroix  Lode,  and  is  celebrated  for  its  great  breadth 
of  about  sixty  feet,  as  well  as  for  having  been  worked  upon  for 
a  length  of  more  than  two  and  a  half  miles.  The  lode  of  Lacroix- 
aux-Mines  traverses  the  mountain  of  Saint-Jean  at  a  distance  of 
ten  miles  from  Saint-Marie,  has  a  north  and  south  direction, 
and  dips,  nearly  perpendicularly,  parallel  to  the  junction  of  the 
gneiss  with  a  mass  of  syenite  by  which  it  is  separated  from  the 
lodes  of  Sainte-Marie. 

The  lode  is  chiefly  composed  of  (Uhris  of  the  surrounding 
rocks,  in  which  the  distribution  of  the  ore  is  exceedingly  variable. 
Sometimes  it  occurs  in  strings  or  branches,  which  occasionally 
unite  to  form  a  lode  three  feet  in  thickness,  while  at  others  it 
constitutes  a  sort  of  stockwork,  or  is  disseminated  in  the  form  of 
patches  or  bunches.  The  ore  chiefly  consists  of  argentiferous 
galena,  which  is  occasionally  associated  with  other  minerals,  such 
as  pyromorphite  and  pyrargyrite,  native  silver  being  also  not 
unfrequently  present.  The  average  yield  of  the  galena  for  silver 
is  32  oz.  13  dwt.  8  gr.  per  ton ;  and  the  works,  which  were  carried 
on  by  means  of  an  adit  driven  at  the  level  of  the  natural 
drainage  of  the  country,  were  never  extended  much  below  the 
adjoining  valley.  This  vein  is  stated  to  have  been  at  one  period 
extremely  productive,  and  large  quantities  of  native  silver  were 
found  in  the  upper  levels.  The  production  in  the  year  1756  is 
said  to  have  been  1,200  tonnes  of  lead  and  46,939  oz.  of  silver. 

This  lode  was  discovered  in  1815,  and  in  1581  it  was  worked 
by  the  Duke  of  Lorraine  with  very  profitable  results ;  but  the 
wars  which  took  place  towards  the  end  of  the  century  caused 
a  suspension  of  the  operations.  In  the  year  1721  a  lease  of  the 
mine  was  granted  to  a  company  which,  after  working  it  inefiiciently 
during  a  period  of  eighteen  years,  again  abandoned  it.  A  new 
company  re-opened  it  in  1755,  but  although  they  obtained  con- 
siderable quantities  of  rich  ore,  they  were  unable  to  repair  the 
damage  resulting  from  the  unskilful  working  of  their  predecessors. 
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111  1777  the  ore  was  extracted  -^N^thout  any  pro^Der  regard  to  the 
support  of  the  ground,  so  that  the  workings  finally  became  crushed, 
and  a  company  which  commenced  operations  in  1785,  and  which 
during  many  years  worked  with  intelligence  and  assiduity,  was 
unable  to  put  the  mine  into  a  satisfactory  condition.  The  diffi- 
culties were  subsequently  increased  by  the  revolution  of  1789, 
and  in  the  year  1808  the  right  to  cut  wood  for  fuel  in  the  neigh- 
bouring forests,  granted  them  by  the  Duke  of  Lorraine,  was 
rescinded  by  Napoleon  I.  The  mine  was  ultimately  abandoned  in 
1816.  A  concession  for  Lacroix-aux-Mines  was  again  granted  in 
1822,  but  all  operations  ceased  in  1833,  and  they  have  not  since 
been  resumed.^ 

In  the  immediate  vicinity  of  Saint-Marie-aux-Mines,  the  lead 
veins  are  smaller,  and  traverse  the  gneiss  in  an  east  and  west 
direction.  Two  of  these,  namely,  the  Surlatte  and  the  Esperance, 
have  been  worked  upon  for  a  considerable  distance,  but  the  galena 
contains  only  about  one-half  the  proportion  of  silver  which  is 
present  in  that  from  the  Lacroix  vein. 

At  Giromagny,  on  the  southern  flank  of  the  Vosges,  is  another 
group  of  metalliferous  veins,  which  have  from  time  to  time  been 
worked  to  more  or  less  extent.  These  veins,  of  which  the  course  is 
nearly  north  and  south,  are  enclosed  in  porj^hyries  and  clay  slates. 

At  Saint-Jean-d'Auxel  there  are  three  lodes  which  were  for- 
merly worked  upon  a  somewhat  extensive  scale,  some  of  the 
excavations  being  still  open  in  1779.  Metalliferous  veins  are 
found  almost  always  wherever  porphyries  and  syenites  are  visible. 
At  Plancher-les-Mines,  at  Fresse,  and  at  Ternuay  in  the  Haute- 
Saone,  there  are  quartz  veins  which,  in  addition  to  calcite,  and  fluor 
spar,  contain  jDyrites,  gray  copper  ore,  and  argentiferous  galena. 

The  metalliferous  veins  of  the  Vosges  may  be  divided  into  two 
classes.  The  first,  running  nearly  north  and  south,  comprehends 
the  jDrincipal  lodes  of  argentiferous  galena,  while  the  second, 
coursing  nearly  east  and  west,  includes,  in  addition  to  lead  veins, 
a  large  number  of  quartz  veins  containing  calcite,  fluor  spar, 
fahlerz,  argentiferous  galena,  argentite,  arsenical  cobalt,  native 
arsenic,  and  pyrites  which  is  occasionally  auriferous. 

At  Sainte-Marie-aux-Mines  the  Phaunoux  vein,  which  was 
worked  at  the  same  time  as  the  Surlatte  and  the  Esperance  lead 
lodes,  yielded  argentiferous  gray  copper  ore  vdih  arsenical  cobalt 
and  native  arsenic.  The  Phaunoux,  Surlatte,  and  Esperance  lodes 
belong  to  the  class  of  which  the  direction  is  nearly  east  and  west. 

1  H.  Landrin,  Du  Plomh,  de  son  Efat  dan-'^  fa  Xature,  de  son  Exploitation,  de 
sa  Metallurfjit  tt  son  Emploi  dans  les  Arts,  Paris,  1857,  p.  151. 
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The  Selschaft,  Saint-Martin,  Sainte-Bai'be,  and  Saint-Urbain 
at  Giromagny  yielded  argentiferous  gray  copper  ore  with  sulphide 
of  silver  and  galena  disseminated  throughout  the  veinstone  in  such 
a  way  as  to  require  stamping.  At  Saint-Daniel,  on  the  other 
side  of  the  Auxelle  Mountain,  the  slimes  resulting  from  the 
treatment  of  the  ores  contained  copper,  lead,  and  a  considerable 
amount  of  silver.  The  mountains  separating  Giromagny  from 
Plancher-les-Mines  are  traversed  by  numerous  veins  running  in 
•almost  every  direction,  all  of  which  contain  ores  of  lead,  cojDper, 
and  silver. 

In  addition  to  veins  yielding  the  metals  above  enumerated,  the 
Vosges  contain  extensive  deposits  of  iron  ore.  The  most  important 
•of  these  is  situated  in  the  mountain  of  Framont,  near  the  contact 
of  a  central  mass  of  porphyry  with  the  beds  of  schist  and  limestone, 
which  it  has  uplifted  and  displaced.  In  this  locality  red  hsematite 
mixed  with  specular  iron  ore  forms  a  contact  vein  of  from  fifteen 
to  thirty  feet  in  thickness  surrounding  the  central  mass  of  porphyry. 
The  limestone,  where  it  comes  in  contact  with  this  ore,  is  either  con- 
verted into  crystalline  marble  or  transformed  into  granular  dolomite. 

A  large  number  of  metalliferous  deposits,  in  addition  to  those 
above  enumerated,  occur  in  various  parts  of  the  Vosges,  but  they 
are  seldom  of  an  extensive  character,  and  with  but  few  exceptions 
they  are  unworked. 

Central  France. — The  plateau  of  Central  France,  which 
comprehends  the  mountains  of  Forez  and  Auvergne,  as  well  as 
those  of  the  Cevennes  and  Lozere,  contains  numerous  veins  of 
argentiferous  galena,  some  of  which  are  extensively  worked  and 
have  yielded  large  quantities  of  lead  and  silver. 

Pontgibaud,  situated  at  the  foot  of  a  range  of  mountains  four 
and  a  half  miles  north-west  of  Clermont,  Puy-de-D6me,  and  on 
the  road  from  that  town  to  Limoges,  was  for  long  the  most  im- 
portant argentiferous  lead  mine  in  France  although  its  productive- 
ness has  greatly  diminished  of  recent  years.  The  rocks  traversed 
by  the  lead  lodes  in  the  vicinity  of  Pontgibaud  are  principally 
granite,  gneiss,  and  schists,  often  broken  through  by  dykes  of 
porphyry,  and  frequently  covered  either  by  .sheets  of  basalt,  beds 
of  cinder,  or  by  flows  of  lava,  from  neighbouring  extinct  volcanoes. 
Two  extensive  lava-flows,  issuing  respectively  from  the  Puy-de- 
Louchadiere  and  the  Puy-de-D6me,  unite  near  the  smelting-works 
at  Pontgibaud,  and  flow  together  for  a  considerable  distance  ;  while 
the  River  Sioule,  which  is  in  the  immediate  vicinity  of  the  works, 
flows  over  a  sheet  of  basalt,  which  on  one  of  its  banks  is  seen  to 
be  directly  covered  by  a  flow  of  lava.     These  volcanic  phenomena, 
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formerly  so  active,  are  now  represented  only  by  occasional  mineral 
springs,  and  by  an  abundant  evolution  of  carbonic  acid  gas,  whicli 
occasionally  presents  a  not  inconsiderable  obstacle  to  the  working 
of  some  of  the  mines. 

The  veins,  of  which  there  are  several,  have  a  general  direction 
of  about  N.E.  and  S.W.  The  veinstone  of  one  only  of  these  lodes 
consists  chiefly  of  quartz,  that  of  all  the  others  being  principally 
composed  of  a  felspathic  rock,  differing  but  slightly  from  the 
enclosing  granite  and  gneiss. 

Near  the  surface  the  veinstone,  as  well  as  the  enclosing  rock, 
is  usually  more  or  less  decomposed,  but  at  greater  depths  they 
become  gradually  harder  and  less  altered.  The  lodes  frequently 
contain  sulphate  of  barium,  which  is  often  well  crystallised,  but 
this  mineral  is  only  plentiful  near  the  surface,  and  almost  entirely 
dies  out  in  depth.  The  quartz,  which  often  accompanies  the 
galena,  is  on  the  contrary  more  abundant  in  the  lower  levels  than 
nearer  the  surface. 

The  felspathic  quartzose  rock,  which  constitutes  the  most 
abundant  veinstone,  usually  contains  less  mica  than  the  sur- 
rounding granite  ;  but  this  is  not  invariably  the  case,  particularly 
in  large  expansions  of  the  veins,  where  the  ore  often  ajDpears  dis- 
seminated in  a  somewhat  decomposed  granite.  It  is  also  to  be 
remarked  that  the  sterile  parts  of  the  lodes  are  usually  better 
defined,  and  are  more  frequently  separated  from  the  country  rock 
by  clay  selvages,  than  are  the  more  metalliferous  2Dortions  of  the 
same  vein. 

The  galena,  which  is  always  rich  in  silver,  assumes  various 
forms :  sometimes  it  is  extremely  fine-grained  like  steel,  at  others 
it  is  lamellar,  and  less  frequently  it  is  found  in  the  form  of  well 
defined  crystals.  The  ore  seldom  forms  bands  parallel  to  the 
walls,  but  is  usually  disseminated  through  the  veinstone  either  as 
small  branches  or  as  detached  grains  ;  the  country  rock  likewise 
often  contains  branches  and  spots  of  galena. 

The  galena  is  often  accompanied  by  a  little  blende  or  iron 
pyrites,  and,  less  frequently,  by  patches  of  fahlerz.  The  mineral 
is  chiefly  found  in  shoots  which,  without  having  a  large  horizontal 
extension,  hold  downwards  to  considerable  dejJths,  while  the 
intervals  of  unproductive  ground  are  generally  much  longer  than 
the  courses  of  lead  ore.  There  are  also  cross-courses,  composed 
almost  entirely  of  clay  and  seldom  containing  lead  ores,  which 
traverse  and  displace  the  metalliferous  lodes.^ 

^  Rivot  and  Zeppenfeld,  Annales  des  Mines,  xviii.,  1850,  p.  1.5.3. 

Z 


338  ORE    DEPOSITS  part  ir 

Ancient  workings,  respecting  the  origin  of  which  there  are  not 
even  any  traditions,  afford  evidence  of  the  mines  of  Pontgibaud 
having  been  somewliat  extensively  wrought  at  a  very  early  date. 

A  memoir  by  M.  Guenyveau,  published  in  1822,  furnishes  some- 
very  interesting  details  relative  to  the  history  of  early  mining  in 
the  neighbourhood  of  Pontgibaud.^ 

The  most  ancient  documents  relative  to  these  mines  are  letters 
patent  granted  17th  September,  1554,  to  the  Seigneur  de 
Lafayette,  by  Henry  II.,  for  working  the  mines  of  Combes,  Roure^. 
and  Barbecot.  In  1739  the  working  of  these  mines  was  under- 
taken by  M.  Dulude  of  Pontgibaud,  and  afterwards  by  the' 
Chapades  Company.  In  1781  the  works  were  recommenced  by 
MM.  Engelvin  and  Dulac,  who  formed  an  association  called  the- 
Compagnie  du  Lyonnais.  The  operations  were  carried  on  until 
1792,  when  the  works  were  abandoned  in  consequence  of  iDolitical 
events  which  caused  many  members  of  the  association  to  leave  the- 
country.  From  this  time  the  mines  remained  unworked  until 
1826,  when  they  were  re-opened  by  M.  de  Pontgibaud  under  the 
direction  of  the  celebrated  M.  Fournet,  who  was  succeeded  by 
M.  Loupot,  who  remained  in  charge  of  the  works  until  the  year 
1844.  In  1836  the  mines  were  purchased  by  a  Soci4U  en  Com- 
mandite bearing  the  title  of  Alphonse  Pallu  et  Cie.,  who  in  1852 
transferred  them  to  an  English  company,  wh-o  entrusted  the 
technical  management  to  Messrs.  John  Ta3dor  and  Sons  of 
London.  Since  that  date  the  mines  and  smelting  works  have 
progressed  steadily  and  satisfactorily,  and  have  in  the  aggregate 
yielded  large  profits.  They  are  now  worked  by  the  Societe  Anonyme 
des  Mines  et  Fonderies  de  Pontgibaud  of  Paris,  who  also  own  mines 
at  Coueron  and  Auzelles.  Their  greatest  depth  in  1883  was  110' 
and  in  1891  about  130  fathoms,  the  workings  being  confined  to 
the  mines  of  Roure,  St  Denis,  Mioche,  La  Brousse,  and  Pranal. 
According  to  the  Directors'  Report  for  1895,  their  lowest  workings 
had  been  at  820  feet,  and  at  this  depth  the  veins,  although 
maintaining  their  full  width  and  regularity  of  bearing,  were 
everywhere  found  to  be  barren.  It  was  therefore  proposed  to 
close  down  the  mines,  although  it  was  also  suggested  that  the 
mineral  contents  might  make  again  at  a  greater  depth. 

The  quantity  of  ore  treated  at  the  smelting  works  during  the 
financial  year  1879-80  amounted  to   8,097  tonnes,  of  which  2,806' 
came  from  the  mines  of  Pontgibaud,  while    the    remaining    291 
tonnes  were  purchased  ores. 

1  AnnaJts  des  Minos,  vii.  1822,  p.  161. 
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These  ores  yielded: — silver,  174,012  oz.,  value  £41,359  ;  lead 
1,424  tonnes,  value  £21,469.  The  quantity  of  ore  smelted  and 
desilverised  during  the  year  1880-81  was  2,902  tonnes,  of  which 
2,717  tonnes  were  the  produce  of  the  Company's  o'svn  mines,  and 
185  tonnes  were  purchased.  In  1891  the  mines  produced  2,425 
tonnes  of  ore  valued  at  £20;600,  and  in  1894  the  mines  of  the 
Pontgibaud  Company  in  the  Puy-de-D6me  produced  1,966  tonnes 
worth  £9,600. 

The  production  of  the  smelting  works  in  1880  was : — silver, 
158,340  oz.,  value  £39,952  ;  lead,  1,044  tonnes,  value  £16,233.  In 
1894  it  was  .-—silver,  8,590  kilogr.,  worth  £37,800,  and  lead,  1,665 
tonnes,  worth  £15,450.  The  ores  were  derived  from  other  mines 
besides  Pontgibaud. 

The  lead  ores  of  Pontgibaud,  although  variable  in  this  respect 
are  always  rich  in  silver,  containing  on  the  average  above  one 
ounce  of  that  metal  for  each  unit  of  lead  present,  so  that  50  per 
cent,  ores  will  contain  above  50  oz.  of  silver  per  ton,  and  the  lead 
flowing  from  the  smelting  furnace  will  always  yield  considerably 
above  100  oz.  of  silver  per  ton. 

According  to  M,  Lodin,^  however,  some  of  the  mines  show  a 
marked  decrease  in  the  proportion  of  silver  in  depth  ;  this  is  best 
seen  at  la  Brousse,  where 

Lead  from  ore  at  the  surface  contained 196  ozs.  of  silver  per  ton. 

,,  ,,     between  40  and  60  metres  deep  contained  163  ,,  ,, 

80  and  100  ,,  ,,  131 

,,  ,,     at  about  180  metres  deep  ,,  116  ,,  .,  ' 

240  „  ,,  49 

Two  veins,  St.  Armand  and  Amatina  at  Pranal,  gave  at  a  depth  of 
70  metres  -3-  and  -f  resp.ectively  of  the  richness  in  silver  that  they 
showed  at  the  surface.  In  other  veins  in  the  district  nothing  of 
the  kind  can,  however,  be  discovered.  M.  Lodin  looks  upon  this 
surface  enrichment  as  being  due  to  the  action  of  meteoric  water 
(see  p.  98) ;  he  points  out  that  depth  does  not  seem  to  have  any 
definite  relation  to  the  richness  of  the  ore,  which  is,  however, 
decidedly  determined  by  the  more  or  less  felspathic  character  of 
the  granulite  or  microgranulite  in  which  the  veins  occur.  With 
respect  to  direction, the  richest  veins  are  found  to  vary  from  N.  12°  W. 
(direction  of  la  Brousse)  to  N.  45°  E.  (at  Barbecot,  Pranal,  and 
Roure)  ;  between  N.  45°  E.  to  S.  45°  E.  practically  no  fissures  occur, 
and  those  between  S.  45°  E.  and  S.  12°  E.  are  baiTcn.     The  veins 

1  "Etudes  sur  Pontgibaud,"  Anwiles  des  Mines,  9,  i.  1892,  p.  389. 
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follow  the  course  of  granite  and  graniilite  dykes,  the  fissures  formed 
by  these  latter  ha,ving  been  reopened  subsequently  and  then  the 
ore  deposited  ;  these  dykes  traverse  gneiss  and  mica  schist,  and 
whenever  the  mineral  veins  pass  from  the  eruptive  into  the  meta- 
morphic  stratified  rocks  they  are  always  barren. 

It  is,  however,  not  quite  clear  why  this  rather  complicated 
hypothesis  of  repeated  Assuring  need  be  invoked,  especially  as 
jVI.  Lodin  draws  attention  to  the  great  density  and  impermeability 
of  the  stratified  rocks,  and  points  out  that  the  richest  portions  of 
the  veins  are  also  in  most  cases  those  where  the  kaolinisation  of 
the  granulite  has  been  most  thorough.  It  would  seem  more  likely 
that  these  granulite  rocks,  being  the  more  permeable  (possibly  due 
in  part  to  the  contraction  of  their  substance  in  cooling,  Avhich  may 
Imve  formed  fissures  and  planes  of  weakness  within  them),  mineral- 
ising solutions  found  their  way  into  them,  and  metasomatically 
deposited  the  argentiferous  lead  ores  within  the  areas  thus  rendered 
accessible  to  the  solutions.  The  analogy  between  this  latter  view 
and  the  explanation  now  mostly  adopted,  of  the  genesis  of  the 
Comstock  Lode,  Nevada,  is  sufficiently  obvious. 

The  mines  of  Vialas  and  Villefort  are  situated  in  the  departe- 
ment  of  Lozere,  but  the  veins  of  the  first-named  locality  only 
are  now  worked.  The  granitic  mass  of  Lozere  is  on  all  sides 
surrounded  by  mica  schists,  which  gradually  pass  into  clay  slates, 
and  constitute  the  true  metalliferous  rocks  of  the  district.  These 
schists  are  in  some  places  covered  by  more  recent  rocks,  such  as 
the  coal-measures  of  Grand  Combe  and  Besseges,  and  occasionally 
by  strata  of  Triassic,  Liassic,  and  Oolitic  age.  All  the  veins  which 
have  been  explored  in  these  schists  have  been  found  to  continue 
down  into  the  granite,  where  they  become  contracted  into  mere 
strings  of  from  half  an  inch  to  an  inch  in  width,  and  which 
consequently  do  not  admit  of  being  advantageously  worked.  In 
many  cases  lodes  which,  at  the  surface,  appeared  only  as  narrow 
fissures  containing  little  or  no  mineral,  in  depth  produced  con- 
siderable quantities  of  argentiferous  galena,  while,  on  the  other 
hand,  comparatively  rich  outcrops  of  lead  ore  have  gradually 
dwindled  and  finally  disappeared. 

The  different  groups  of  veins  and  fissures  found  in  the  neigh- 
bourhood of  Vialas  are,  in  the  following  table,  given  in  the  order 
of  their  respective  ages,  as  indicated  by  their  intersections,  the 
first-mentioned  being  the  oldest : — ^ 

^  Rivot,  "  Sur  les  Filons  de  Galene  Argentifei'e  de  Vialas,"  Annales  des  Mints, 
iv.  1863,  p.  329. 
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S.  33=  E.      „ 

lu  addition  to  the  above,  considerable  displacements  of  the 
country  rock  have  taken  place  from  east  to  west. 

The  veins  of  Group  1,  which  are  not  numerous  but  tolerably 
wide  and  well  defined,  dip  towards  the  south  at  an  angle  varying 
from  75°  to  80^ 

Lodes  belonging  to  Group  2  are  the  most  important  of  those 
which  occur  in  the  vicinity  of  Vialas,  comprehending  as  they  do 
all  the  more  productive  metalliferous  deposits  of  the  district. 
They  all  dip  to  the  south  at  angles  varying  from  60°  to  80°,  but 
it  would  be  difficult  to  state,  even  approximately,  their  average 
width.  The  barren  portions  of  these  lodes  are  usually  very  narrow, 
while  their  richer  parts  are  often  Avithout  Avell-defined  walls,  as 
the  ore  either  extends  into  the  enclosing  schists,  or  the  lode  is 
composed  of  a  number  of  reticulated  veins  at  varying  distances 
apart. 

The  veins  constituting  Group  S  are  not  numerous,  and  are 
of  but  little  importance  excepting  as  regards  their  displacing 
other  lodes  ;  they  dip  towards  the  south  at  angles  varying  from 
70°  to  80°. 

The  veins  of  Group  4  are  generally  larger,  and  more  distinctly 
defined,  than  any  of  the  others ;  they  are  seen  in  all  the  schistose 
region  surrounding  the  central  mass  of  granite,  and  often  apj^ear 
as  quartzose  outcroj^s,  standing  forty-five  feet  above  the  surface  of 
the  ground,  and  may  be  followed  for  long  distances. 

Veins  belonging  to  Group  5  are  very  numerous,  and  some  of 
them  have  been  well  exposed  in  the  various  workings.  They  dip 
at  an  angle  of  85°  towards  the  west,  and  have  smooth  and  Avell- 
defined  walls.  They  vary  in  width  from  two  to  seven  feet,  and  are 
usually  composed  of  a  carious  quartz,  which  is  generally  white,  but 
is  sometimes  stained  brown  by  oxide  of  iron.  These  veins  do  not, 
as  a  rule,  contain  any  ore  excepting  at  their  intersection  with  others, 
but  in  such  situations  deposits  of  galena  rich  in  silver  sometimes 
occur. 

The  veins  belonging  to  Group  6  are  numerous.  They  dip 
towards  the  south-east,  and  are  composed  of  spongy  ferruginous 
quartz.    They  have  usually  well-defined  walls,  which  are  sometimes 

1  The  relative  age  of  these  fissures  not  being  determined,  it  has  not  been 
thought  desirable  to  assign  them  a  number. 
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separated  from  the  veinstone  by  a  selvage  of  plastic  clay  of  a 
dark  colour. 

Heavy  sf)ar  forms  the  exclusive  veinstone  of  Group  7,  the  veins 
of  which  dip  towards  the  south. 

The  veins  of  Groujj  8  dip  towards  the  south,  are  chiefly 
composed  of  comminuted  schists,  and  are  usually  barren. 

Group  9  is  represented  by  a  number  of  nearly  vertical  fissures, 
without  slickensides,  which  divide  all  the  veins  of  the  preceding 
groups,  and  sometimes  displace  them  for  a  distance  of  about  a 
yard.  Some  fissures  coursing  S.  33°  E.  contain  no  filling  of  any 
kind,  dip  west  at  an  angle  of  about  45°,  and  appear  to  be  of  no 
particular  importance. 

The  period  at  which  the  mines  of  Vialas  were  first  worked  is 
somewhat  uncertain,  but  that  they  were  wrought  at  an  early  date 
is  evident  from  the  fact  that  some  of  the  more  ancient  excavations 
bear  evidence  of  having  been  made  by  the  aid  of  nre.  The  more 
modern  workings  were  commenced  iu  1781  upon  some  productive 
outcrops  which  about  that  time  were  accidentally  discovered,  and 
smelting  works  Avere  established  at  Villefort  for  the  treatment  of 
the  argentiferous  galena  produced  in  the  immediate  neighbourhood. 
In  1827  these  mines  were  abandoned,  and  the  works  were  removed 
to  Vialas. 

Between  1843  and  1877  the  Vialas  mines  produced  7,000 
tonnes  of  lead  and  41,000  kilogr.  of  silver,  the  annual  production 
of  silver  in  these  smelting  works  generally  varying  between  22,500 
and  32,150  oz.,  but  in  1856  reaching  48,225  oz.  In  1861  and 
1862  the  yield  was  61,278  oz.  and  62,049  oz.  respectively. 

During  the  latter  year  the  production  of  work  lead  was  367 
tonnes  ;  and  1,930  kilogr.  of  silver  w^ere  obtained  from  370  tonnes 
of  .lead.  The  work  lead  consequently  contained  167  oz.  of  silver 
per  tonne. 

In  1880  the  only  mine  besides  Vialas  working  in  the  departe- 
ment  of  Lozere  was  Ispagnac,  the  yield  of  both  during  the  year 
being  returned  at  577  tonnes  of  dressed  argentiferous  lead  ore, 
of  the  estimated  value  of  177,667  francs  or  £7,106.  In  1882  the 
output  was  5,000  tonnes  of  ore  containing  200  tonnes  of  lead  and 
1,000  kilogr.  of  silver,  but  since  that  time  it  has  fallen  rapidly ;  in 
1891  it  was  only  203  tonnes  of  ore,  and  in  1894  it  was  only  116 
tonnes,  valued  at  £890. 

Of  recent  years  small  amounts  of  antimony  ore  and  manganese 
ore  have  been  raised  in  this  dcpartement ;  in  1894  there  were  70 
tonnes  of  the  former  produced. 
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Numerous  metalliferous  deposits  occur  in  the  valleys  of  the 
Aveyron  and  Tarn,  in  the  neighbourhood  of  Villefranche  and 
Milhau.  These  usually  contam  argentiferous  galena,  accompanied 
by  calamine  and  by  various  ores  of  coj^per.  The  mines  of  this 
district  were  worked  by  the  Romans,  and  in  the  tenth  and  sixteenth 
centuries  are  said  to  have  yielded  considerable  amounts  of  silver, 
resulting  in  the  establishment  of  mints  for  the  coinage  of  that 
inetal  at  Rodez  and  at  Villefranche.  These  mines  are  stated  to 
have  been  abandoned  in  consequence  of  the  religious  wars  by 
which  the  country  was  devastated  from  1560  to  1597.  Working 
has  recommenced  in  recent  years  but  has  been  irregular;  thus 
Tarn  produced  400  tonnes  of  blende  in  1891  but  nothing  in  1894. 
Aveyron  has  been  Avorking  more  steadily  and  produced  in  1894 
1,022  tonnes  of  argentiferous  galena,  valued  at  £11,800,  and  3,258 
tonnes  of  blende,  valued  at  £7,205. 

At  Les  Malines  and  Les  Avenieres  (Gard)  important  deposits  of 
zinc  ores  in  veins  and  pockets  in  dolomite  of  lower  Oolitic  age  have 
been  worked  since  1883.  The  pockets  have  probably  been  formed 
metasomatically  whilst  the  veins  may  have  been  filled  simultane- 
-ously.  Les  Malines  produced  about  4,000  tonnes  of  zinc  ore  in 
1886,  23,000  in  1891,  and  in  1894  17,100  tonnes  of  calamine, 
20,300  of  blende,  and.  1,000  tonnes  of  galena,  to  a  total  value  of 
£63,300. 

The  ancient  copper  mines  of  Chessy,  situated  in  the  departe- 
ment  of  the  Rhone,  ten  miles  north  of  Lyons,  on  the  left  bank  of 
the  River  Azergue,  are  famous  for  having  furnished  the  magnificent 
specimens  of  blue  carbonate  of  copper,  hence  known  as  chessylite. 
Crystalline  and  metamorphic  rocks  here  occur  in  immediate  contact 
with  Bunter  Sandstone,  which  is  overlain,  with  a  stee^^  south-easterly 
dip,  by  limestones  of  Liassic  age.  The  more  ancient  rocks  consist 
of  granite,  gneiss,  mica  schist,  and  aphanite,  known  to  the  miners 
as  "  hornstone,"  which  predominates  in  the  immediate  neighbour- 
hood of  the  metalliferous  deposits.  The  general  mode  of  occurrence 
of  copper  ores  at  Chessy  will  be  understood  on  referring  to 
Figs.  83,  84,  after  drawings  by  M.  Raby,  formerly  manager  of 
the  mines. ^ 

Four  different  kinds  of  copper  ores  were  formerly  obtained 
from  this  locality,  namely,  yellow  copper  ore  mixed  with  iron 
pyrites  containing  from  15  to  20  per  cent,  of  copper,  known  as 
mine  jaunc ;  melaconite  intimately  mixed  with  iron  pyrites; 
yellow  copper  ore,  silica,  and  various  other  substances,  known  as 
1  Anncdes  des  Mines,  iv.  1833,  p.  393. 
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mine  grisc  or  mine  noire ;  cuprite,  mine  rouge,  disseminated   in 
the  form  of  laminae  and   crystals  through  a  red  clay;  azurite  or 
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Fig.  S3. — Copper  ore  deposit,  Cbessy  ;  transverse  section  on  c  d,  e,  f. 

blue  carbonate  of  copper,  mine  Ueuc,  found  either  in  veins  or 
disseminated  in  irregular  concretions,  and  when  crystallised  con- 
taining about  70  per  cent,  of  copper. 

The  mine  jaune,  consisting   of  mixed  sulphides   of  iron   and 


Fig.  S4. — Copper  ore  depotit,  Chessy  ;  horizontal  section  on  a  b. 

copper,  marked  a  Figs.  83,  84,  was  found  onl}''  in  the  aphanite. 
where  it  formed  one  large  mass  which,  commencing  a  few  yards 
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only  belo^v  the  surface,  extended  downward  to  a  depth  of  100 
fathoms.  This  deposit  was  flattened  in  the  direction  of  the  bed- 
ding of  the  Mesozoic  rocks,  towards  which  it  dipped  at  an  angle 
of  66°  Avith  the  horizon.  Its  greatest  thickness,  taken  at  a  depth 
of  sixty  feet  from  the  surface,  Avas  about  forty-six  feet,  and  its 
total  length  100  fathoms.  This  mass  of  mineral  was  on  all  sides 
surrounded  by  more  or  less  decomposed  aphauite,  from  which  it 
was  not  separated  by  any  wall  or  selvage,  the  two  materials  being 
intimately  mixed,  and  the  one  becoming  gradually  replaced  by  the 
other. 

The  mine  grise,  h,  and  miiie  noire,  c,  were  found  in  the  form  of 
separate  rounded  masses  enclosed  in  a  wedge-shaped  bed  of  grayish 
rock,  which  is  interposed  between  the  aphanite  on  the  one  side, 
and  the  sandstone  on  the  other.  The  largest  of  these  ore  masses 
occurring  in  this  rock,  which  has  perhaps  been  produced  by  the 
decomposition  of  aphanite,  had  a  length  of  36  feet,  a  breadth  of  9 
feet,  and  a  depth  of  15  feet. 

The  mine  rouge  was  found  disseminated  in  a  vertical  bed  of 
j)lastic  clay  of  a  reddish  colour,  d,  where  it  was  sometimes  associ- 
ated with  a  small  quantity  of  native  copper.  This  deposit  com- 
menced at  the  same  level,  and  ceased  at  the  same  dejjth  as  that  of 
the  blue  carbonates. 

The  carbonate  of  copper,  mine  hleuc,  represented  in  the  wood- 
cuts by  the  lines  of  shading,  e,  was  found  oul}^  in  the  beds  of  sand- 
stone and  in  certain  veins  of  clay  with  which  they  alternate.  It 
usually  occurred  either  in  the  forms  of  geodes  lined  with  crystals, 
or  in  that  of  nearly  solid  masses  having,  in  the  majorit}'  of  cases, 
a  small  cavity  in  their  centre,  but  less  frequently  it  was  concen- 
trated in  veins  parallel  to  the  stratification  of  the  sandstone.  The 
laroest  of  these  veins  had  a  horizontal  lcn£,th  of  800  feet,  a  thick- 
uess  of  eighteen  inches,  and  a  depth  along  its  underlie  of  about 
ninety  feet. 

With  regard  to  the  origin  of  these  ores  M.  Kaby  remarks  that 
all  the  copjjer  found  at  Chessy  was,  without  doubt,  originally 
deposited  in  the  state  of  mine  jaune,  and  probably  at  the  same 
time  as  the  more  ancient  rocks.  Some  of  the  masses  of  this  ore 
Avere  subsequently  converted  by  chemical  action  into  mine  grise  or 
mine  noire,  while  others  were  decomposed  and  by  the  re-arrange- 
ment of  their  elements  gave  rise  to  the  formation  of  mine  rouge 
and  mine   leuc. 

In  the  neighbourhood  of  Sain-Bel,  a  village  six  miles  south-west 
of  Chessy,  situated  on  the  Brevenne,  a  small  river  flowing  towards 
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the  north-east,  there  were  formerly  copper  mines  somewhat  similar 
to  those  once  worked  in  the  last-named  locality.  The  granite  in 
this  district  clianges  into  gneiss,  which  soon  disajjpears  to  give  place 
to  mica  schist  accompanied  by  clay  slates  and  aphanite.  The  latter 
rock  forms  beds  of  very  varying  extent,  some  of  which  are,  however, 
as  much  as  ninety  feet  in  thickness,  and  alternate  with  beds  of  mica 
schist  or  clay  slate. 

These,  of  which  the  strike  is  from  north-east  to  south-west,  are 
very  nearly  vertical,  and  associated  with  them  is  a  parallel  bed  of 
a  friable  unctuous  white  schist,  in  which  the  whole  of  the  copper 
occurred  as  thin  veins  of  chalcopyrite  following  the  direction  of  the 
planes  of  stratification.  This  formation  extends  for  a  considerable 
distance,  but  is,  in  many  places,  covered  by  rocks  of  more  recent 
origin.  The  principal  deposits  formerly  worked  in  the  neighbour- 
hood of  Sain-Bel  were  those  of  Chevinay,  Pylon,  Sourcieux,  and 
Gervais.  Like  those  in  the  Chessy  district,  all  these  mines  have 
long  ceased  to  be  wrought  for  copper.  The  only  mining  now  being 
carried  on  in  the  district  is  for  iron  pyrites  to  be  em]3loyed  in  the 
manufacture  of  sulphuric  acid. 

This  now  amounts  to  an  important  and  rapidly  growing 
industry  in  France,  the  total  production  of  iron  pyrites  in  the 
country  being  as  follows  in  the  years  named : — 

1880 1.32,300  tonnes,  value  £83,800 

1883 1(1.1,200    ,,    ,,   108,400 

1886 184,t)00    ,,    ,,   107,800 

1889 201, ,500    ,,    ,,   117,100 

1893 231.000    „    ,,   112,200 

1894 283,400    ,,    „   136,800 

The  Sain-Bel  mines  furnish  by  far  the  largest  projjortion  of 
this  output,  from  beds  of  mica  schists  impregnated  with  iron 
pyrites,  a  form  of  deposit  referable  to  Group  d  of  the  class  of 
Symphytic  deposits,  and  from  veins,  of  which  three  principal 
groups  ^  are  recognised  in  the  northern,  and  two  huge  parallel 
veins  in  the  southern  portion  of  the  district ;  these  two  latter 
veins  have  thicknesses  that  average  ninety  feet  and  fifteen  feet 
respectively.  These  pyritic  deposits  are  traceable  for  a  length  of 
some  six  miles.  The  Sain-Bel  mines  yielded  93,000  tons  in  1880, 
and  nearly  the  whole  of  the  French  output  in  1893  and  1894 
(278,000  tonnes  in  the  latter  year). 

There  are  several  deposits  of  pyrites  in  the  departement  of 
Gard ;  one  at  St.  Julien  de  Valgalgues,  near  Alais,  is  a  contact 

•^  Fuchs  and  De  Launay,  Traite  ties  Giles  Mineraux  et  Metalliferes,  p.  294. 
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deposit  between  Lias  shales  and  Oolitic  limestones  ;  it  seems  to  be 
of  metasomatic  origin  as  numerous  Oolitic  fossils  wholly  transformed 
into  pyrites  are  met  with  in  it.  Its  output  in  1894  was  5,200 
tonnes.  In  the  departement  of  Ardeche  a  pyrites  deposit  of  a 
similar  nature  occurs  at  Soyons,  but  has  not  been  worked  recently. 

Important  deposits  of  manganese  are  worked  at  Romaneche 
(Saone-et- Loire) ;  they  consist  of  a  series  of  true  fissure  veins,  the 
most  important  of  which  fills  a  fault  running  north  and  south,  and 
dipping  70°  to  the  east.  This  fault  unites  two  smaller  veins  run- 
ning about  north-east.  Besides  these  veins  there  are  some  pockets, 
resembling  somewhat  the  "  flats  "  of  the  lead  veins  in  the  north 
of  England,  and  which  seem  to  be  in  part  contact  deposits,  in  part 
fillins:  cavities  in  limestones  of  Liassic  age.  The  ore  consists  of 
barytiferous  psilomelane  with  about  60  to  70  per  cent,  of  oxide  of 
manganese  and  13  per  cent,  of  baryta.^  The  mines  produced 
10,870  tonnes  in  1881,  9,500  tonnes  in  1888,  8,780  in  1891,  and 
10,600  tonnes  valued  at  £8,800  in  1894.  Before  1891  about  seven- 
eights  of  the  French  output  of  manganese  came  from  these  mines. 

The  Pyrenees. — The  P\Tenees  abound  in  deposits  of  iron  ore, 
which  occurs  both  in  the  form  of  siderite  and  haematite ;  they  do 
not,  however,  yield  any  large  amount  of  the  ores  of  the  other 
metals,  although  raining  for  lead  and  copper  was  formerly  carried 
on  at  various  points. 

The  most  important  lead  mines  are  those  of  Sentein,  situated 
in  the  canton  of  Castillon,  Ariege,  at  an  elevation  of  6,888  feet 
above  the  sea  level,  and  worked  by  galleries  driven  on  the  course 
of  the  lode  from  the  side  of  the  mountain.- 

The  deposit  is  a  contact  lode,  with  Mountain  Limestone  as  the 
foot  wall  and  schist  as  the  hanging  wall.  The  direction  of  the 
mineral-bearing  portion  is  N.  10^  E.,  with  a  westerly  inclination 
at  an  angle  of  about  60".  The  lode  consists  of  quartz,  calcite, 
capel,  &c.,  and  the  upper  portion  carries  a  gossan  next  the  hang- 
ing wall,  which  contains  rich  deposits  of  carbonates,  sulphates  and 
sulphides  of  lead,  together  with  blende  and  calamine.  The  lower 
portion  is  a  strong  lode  of  quartz,  &c.,  containing  galena  mixed  with 
blende. 

The  district  at  the  base  of  the  mountains,  reaching  to  an 
elevation  of  from  8,280  to  3,936  feet  above  sea  level,  consists  of 
schist.     This   is  covered   by  limestone  varying  from   164  feet  to 

^  Fuchs  and  tie  Launay,  op.  di.,  ii.  p.  1.5. 

-  I  am  indebted  to  Mr.  Ernest  da  B.  Liikis,  of  St.  Fiacre,  for  the  information 
relative  to  the  Sentein  Mines — [J. A. P.]. 


348  ORE    DEPOSITS 


PART  II 


several  hundred  feet  in  thickness,  above  Avhich  is  an  irreguLir  layer 
of  schist.  The  ore-bearing  lode,  which  occurs  between  the  schist 
and  the  limestone,  may  be  traced  for  a  great  distance  along  the 
ridge  of  the  mountains  following  the  horseshoe  curves  of  the 
strata.  Above  the  schist  is  another  limestone  which,  with  quartz, 
forms  the  peaks  of  the  mountain.  This  quartz  does  not  contain 
gold,  although  the  galena  sometimes  gives  as  much  as  3  dwt.  of 
fine  gold  per  ton. 

The  lowest  strata  of  schist  contain  poor  lodes  of  coj^per  pyrites 
and  some  carbonate  of  copper,  with  bands  of  ironstone.  Haematite 
and  deposits  of  blende  are  met  with  near  the  summit  of  the  range, 
but  are  not  workable. 

The  galena,  enriched  by  mechanical  means  to  78  per  cent,  of 
metallic  lead,  gives  580  grammes  of  silver  or  about  18i  oz.  per 
tonne.  The  carbonate  of  lead,  at  72  per  cent,  of  metallic  lead,  but 
containing  a  little  sulphide,  yields  800  grammes  of  silver  per  tonne. 
Very  little  silver  is  lost  during  the  mechanical  treatment  of  these 
ores.     The  blende  contains  no  silver. 

The  annual  production  of  the  mines  varies  very  much,  owing 
to  the  inclemency  of  the  weather  at  the  altitude  at  which  they  are 
situated.  In  1882  there  were  sent  to  the  dressing  floors  about 
11,500  tonnes  of  crude  ore,  giving  about  850  tonnes  of  marketable 
lead  ore  and  about  1,100  tonnes  of  marketable  blende.  In  1891 
the  Sentein  mines  produced  1,626  tonnes  of  blende  and  calamine, 
and  together  with  the  near  mine  of  Minconstans  592  tonnes  of 
argentiferous  galena.  In  189-i,  however,  there  was  practically  no 
production  at  all. 

About  ten  miles  from  Aulus,  Ariege,  may  be  observed  remains 
of  some  ancient  excavations,  together  with  outcrops  of  metalliferous 
deposits  containing  iron  pyrites  with  traces  of  argentiferous  galena 
and  blende,  but  consisting  principally  of  calcite  and  fluor  spar. 
This  mine,  which  is  known  as  the  Argentiere,  has  been  repeatedly 
worked  at  various  jDeriods,  but  has  now  been  abandoned  for  many 
years.  Among  the  ancient  mines  sometimes  siDoken  of  in  this  part 
of  France  are  those  of  Baigorry,  Basses-P3a'enees,  which  formerly 
yielded  a  small  quantity  of  coj^per. 

Numerous  dejjosits  of  iron  ores  and  of  other  metalliferous 
minerals  occur  in  the  Pyrenees,  but  they  are  generally  of  limited 
dimensions  and  are,  for  the  most  part,  unworked. 

The   mines  of  Las  Cabesses  ^  near  St.  Girons  are  now  the  most 

^  From  UEcho  dts  Mines  et  de  la  MetaUnnjit  and  private  communications  from 
the  Manaoiintr  Director. 
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important  producers  of  manganese  in  France,  their  output  being- 
over  one  half  of  that  of  the  entire  country.  The  deposits  con- 
sist of  beds  of  carbonate  of  manganese  superficially  changed  in 
places  into  black  oxide.  The  thickness  of  the  main  bed  is  about 
70  metres,  but  the  dimensions  of  the  deposit  have  not  yet  been 
proved,  though  they  seem  to  be  considerable.  The  ore  now  raised 
is  almost  all  carbonate,  containing  40  to  45  per  cent,  of  metallic 
manganese,  some  6  per  cent,  of  silica,  and  only  0"03  to  0"04  of 
phosphorus.  A  good  deal  of  the  ore  is  calcined  at  the  mines,  by 
which  means  the  percentage  of  manganese  is  brought  up  to  55  per 
cent. ;  at  present  about  one-half  of  the  mineral  is  sold  raw  and  one- 
half  calcined.  These  mines  promise  to  yield  very  large  quantities 
of  ore  when  fully  opened  up.  Their  development  dates  from  1890, 
and  their  production  has  been  as  follows : — 


1890     . 

.     about 

3,000  tonnes  of  raw  ore 

1891     . 

•T 

12,000 

1892     . 

• 

22,000 

1893     . 

,. 

24,000 

1894     . 

,, 

25,000 

According  to  the  official  returns,^  the  production  in  1894  was 
7,866  tonnes  of  picked  mineral  and  10,895  of  calcined  (equal  to 
16,760  tonnes  of  raw  ore),  worth  together  about  £28,200. 

The  Alps. — Numerous  deposits  of  iron  ore  are  worked  in  the 
French  Alps,  but  mining  for  the  ores  of  other  metals  is  not  carried 
on  upon  a  large  scale. 

The  small  but  well-cultivated  plain  which  lies  below  Bourg 
D'Oisans,  Isere,  is  traversed  from  south-east  to  north-west  by  the 
River  Romanche,  and  from  east  to  west  by  the  Olle,  one  of  its 
tributaries.  Immediately  north  of  the  confluence  of  these  two 
streams  the  mountains  of  Chalanches,  a  spur  of  the  Alj^ine  chain, 
rise  to  a  height  of  6,700  feet  above  the  plain,  or  about  9,000  feet 
above  the  level  of  the  sea.  The  upper  portion  of  this  range  is 
composed  of  a  gneiss  in  which  felspar  and  hornblende  are  always 
abundant,  although  quartz  and  calcite  are  sometimes  also  plentiful, 
while  epidote,  chlorite,  talc  and  mica  are  by  no  means  uncommon. 
This  rock,  although  occasionally  fine-grained,  more  frequently  ex- 
hibits a  coarse  porphyritic  structure,  but  in  the  vicinity  of  veins 
the  felspar  and  hornblende,  which  are  elsewhere  present  in  a 
crystalline  form,  often  graduate  impercei^tibly  into  the  surrounding 
ground-mass.  The  beds  present  considerable  undulations,  but  their 
1  Siatistiqiie  de  V Industrie  minerale  pour  Vann^e  1894,  p.  5.5. 
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general  strike  is  nearly  north  and  south  with  a  dip  towards  the 
west.  Near  Allemont.  on  the  east,  the  gneiss  is  overlain  by 
hornblendic  schists. 

The  discovery  in  the  year  17()7  of  native  silver  in  this  locality 
by  a  goatherd  whilst  in  search  of  a  strayed  kid,  resulted  in 
mining  operations  which  ultimately  extended  from  a  height  of 
4,100  feet  to  4,970  feet  above  the  level  of  the  plain,  and 
necessitated  the  erection  of  store-houses  and  dwellings  upon  the 
mountain  side. 

Among  the  principal  lodes  which  have  been,  at  various  times,, 
worked  at  Chalanches  are  the  following : — ^ 

The  Freiddan,  beai'ing  25°  S.  of  E. ,  N.  of  W.,  and  dipping  S.W. 


Cobalt             , 

,       30°  W.  of  X. 

,  E.  of  S. 

N.E. 

Simeon           , 

,       35°  W.  of  N. 

,  E.  of  >S. 

N.W. 

Prince             , 

(•20°W.  of  N. 

,  E.  of  S. 

E. 

'    ■i20°N.  of  E., 

S.  of  W. 

X. 

Hercnle          , 

,       20°  W.  of  N. 

,  E.  of  S. 

E. 

Pirou               , 

,       25°E.  ofN., 

W.  of  S. 

S.E.  andN.W. 

Ste.  Helena  ,, 

,       20°W.  ofN.. 

,  E.  of  S. 

w. 

Although  these  lodes  generally  measure  but  a  few  inches,  and 
average  less  than  a  foot  in  width,  they  sometimes,  for  short 
distances,  assume  a  thickness  of  as  much  as  2^  feet.  The 
veinstone  very  closely  resembles  the  enclosing  rock,  consisting  of 
the  same  materials  although  in  different  proportions,  but  contain- 
ing, in  addition,  some  other  minerals.  Quartz  and  calcite  are 
always  present,  hornblende  is  perhaps  somewhat  less  plentiful,, 
while  chlorite,  talc,  mica,  asbestos  and  epidote  are  found  only 
occasionally,  and  in  comj)aratively  small  quantities. 

Calcite,  chlorite,  asbestos  and  epidote  are  often  associated  with 
silver  ores,  but  earthy  brown  iron  ore  more  frequently  accompanies 
the  richer  metalliferous  deposits.  The  produce  of  these  veins 
principally  consists  of  native  silver,  antimonial  silver,  freieslebenite, 
stephanite,  pyrargyrite,  and  occasionally  a  little  horn  silver. 
These  minerals  are  often  accompanied  by  ores  of  cobalt  or  nickel, 
or  by  both,  and  various  ores  of  antimony,  lead  and  copper  are 
likewise  thinly  disseminated  through  the  veinstone.  The  Brisee 
Vein  is  a  cross-course  which  differs  less  in  direction  from  some  of 
the  lodes  than,  in  this  respect,  they  differ  from  one  another.  It 
dips  at  a  higher  angle  than  any  of  the  veins  in  its  vicinity,  and  is 
wider  than  the  widest  lode  in  the  district.  It  consists  w^holly  of 
gneiss,  and  intersects  the  Hercule  Lode,  displacing  it  about  twelve 
fathoms  towards  the  right. 

1  W.  J.  Henwood,  Trans.  Geo.  Soc.  Cornwall,  viii.  part  i.  1871,  p.  520. 
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In  the  hornbleudic  schists  which  succeed  the  gneiss  neai- 
Alleniont  on  the  south-east,  an  unsuccessful  trial  was  made  on  a 
vein  bearing  E.  35°  N.  and  dipping  towards  the  west.  This 
measures  about  eighteen  inches  in  widtli,  and  is  composed  of 
disintegrated  slate  and  quartz,  Avhich  is  spotted  with  black  oxide  of 
manganese  and  sjDecular  iron  ore. 

These  mines  were  worked  at  so  great  an  elevation  and  at  such 
a  distance  from  every  habitation  that,  even  in  summer  time,  the 
workmen  seldom  visited  their  families  except  on  Sundays,  and 
during  many  of  the  winter  months  all  communication  with  their 
nearest  neighbours  was  entirely  cut  off  by  frozen  snow-drifts  many 
miles  in  extent.  In  spring  the  steep  and  ill-made  roads  were 
always  found  to  have  been  rendered  almost  impassable  by  ava- 
lanches and  the  general  thaw,  so  that  it  was  necessary  to  collect  at 
the  mines  during  the  summer  all  materials,  tools,  food,  fuel,  and 
other  requisites,  for  the  winter.  With  the  view  of  reducing  to  a 
minimum  the  cost  of  carriage,  every  tool  and  utensil  was  shaped 
upon  the  plain  below,  which  materially  added  to  the  ordinary 
expenses  of  working. 

The  mines  of  Chalanches  have  been  wrought  at  various 
periods,  and  the  ores  raised  were  smelted  at  Allemont.  From 
1767  to  1776  they  were  worked  on  account  of  the  Government ; 
from  1776  to  1792  by  the  Comte  de  Provence,  afterwards  Louis 
XV [II.,  and  from  1792  to  1808  again  on  account  of  the  Govern- 
ment. All  subsequent  workings  which  have  been  undertaken  by 
various  lessees  have,  without  exception,  resulted  unsatisfactorily. 

From  1767  to  1803  the  quantity  of  silver  extracted  amounted 
to  25,326  lbs.  troy,  of  the  value  of  £83,939,  while  the  general  ex- 
penditure was  £75,636.  The  net  profit  realised  in  thirty-six  years 
was  therefore  £8,303,  equivalent  to  an  average  profit  of  about 
£230  12s.  9d.  per  annum. 

The  mine  of  Ceresier,  Alpes-Maritimes,  worked  by  the  Societe 
des  Mines  du  Var,  produced  in  1882  a  larger  amount  of  copper  ore 
than  any  other  in  France.  In  the  year  1880  the  production 
amounted  to  8,000  tonnes  of  an  ore  containing  about  four  per  cent, 
of  copper  in  the  form  of  chalcocite.  Of  this  amount,  5,000  tonnes^ 
were  concentrated  as  a  jDreliminary  to  being  treated  by  a  process 
for  the  extraction  of  copper  by  lixiviation.  There  are  important 
mines  of  zinc  at  Les  Bormettes  (Var),  which  also  produce  a  certain 
amount  of  galena ;  they  j^roduced  1,730  tonnes  of  blende  in  1885 
7,430  tonnes  in  1888,  20,200  tonnes  in  1891  and  24,000  tonnes  of 
blende  and  1,500  tonnes  of  galena,  worth  together  £53,600,  in  1894. 
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Excepting"  the  ores  of  iron,  the  amount  of  which  has  been  ah'eady 
stated  (p.  330),  the  production  ^  of  metalliferous  minerals  during 
the  years  1880  and  1894  was  as  follows  : — 

Pboduction  IX  France  of  Metalliferous  Minerals  other  than  Iron  Ores 

DURING   THE   YEARS   1880  AND    1894. 


ISSO. 

1S94. 

Weight. 

Value. 

Weight.                 Value. 

Lead  and  Silver  ore    . 

Copper  ore 

Zinc  ore     

Manganese  ore     .    .    . 
Antimony  ore  .    .    . 
Iron  pyrites  ... 

Tonnes. 

13,990 
8,649 

12,139 

9,652 

1,214 

132,288 

& 

129,175 

5,977 

15,417 

21,309 

9,737 

83,812 

1 
Tonnes.         j              £ 
29,055              94,784 

80,065            165,172       I 
32,751               40,052 
6,144              16,244 
283,439            136,980 

Totals 

177,932 

265,427 

431.4.14            4.-)3,232 

BELGIUM. 

Taking  into  account  its  limited  area,  Belgium  is,  in  respect  of 
its  mineral  wealth,  one  of  the  most  productive  countries  of  the 
world.  Coal,  iron,  lead  and  zinc  ores  constitute  its  chief  mineral 
resources,  but,  in  addition  to  these,  it  furnishes  numerous  valuable 
mineral  substances  employed  either  as  building  material,  for 
agricultural  purposes,  or  in  the  arts  and  manufactures. 

Iron. — The  iron  ores  worked  in  Belgium  are  hiematite,  limonite, 
and  clay  ironstone.  The  latter  is  sometimes  associated  with  limonite, 
but  also  occurs  in  indej)endent  deposits,  which  are,  however, 
usually  too  small  to  admit  of  being  worked  with  advantage. 

Haematite  occurs  in  various  conditions  and  on  very  different 
o-eological  horizons,  but  that  which  is  almost  exclusivelv  emijloved 
is  in  the  form  of  oolitic  or  pisolitic  grains.  In  this  state  it  forms 
important  deposits  in  quartzose  schists  which  underlie  the  coal- 
measm-es,  and  crop  out  on  both  sides  of  the  valley  containing  the 
coal.  The  principal  iron  mines  are  situated  on  the  north  side  of 
the  valley  where,  in  the  neighbourhood  of  Vedrin,  there  are  four 
distinct  seams  of  ore,  respectively  2f  inches,  4  niches,  8  inches,  and 
Hi  inches  in  thickness,  forming  with  the  intercalated  schists  a 
bed  nearly  four  feet  thick. 

At  Marchovelette  there  are  five  strata  of  iron  ore  varying  in 

'■  Statistique  clt  V Industrie  mimrah  2^otir  Vannee  1894. 
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thickness  from  4  to  8  inches;  while  at  Ville-eu-Waret  there  are 
four  beds,  two  of  which  vary  from  8  to  20  inches  in  thickness, 
which  with  the  interstratified  schists  form  a  group  of  about  twenty- 
four  feet.  At  Houssois,  near  Vezin,  the  haematite  attains  a  thick- 
ness of  about  seven  feet.  The  beds  of  hematite  are,  at  various 
points,  intersected  by  veins  and  faults,  in  the  vicinity  of  which  both 
the  ore,  as  Avell  as  the  enclosing  schists,  are  not  unfrequently 
impregnated  with  pyrites,  galena  and  other  metallic  sulphides,  by 
which  the  quality  of  the  former  is  more  or  less  impaired.  The 
workings  along  the  outcrop  on  the  south  side  of  the  valley,  are 
much  less  important  than  those  on  the  north.  The  princijjal  mines 
are  near  Huy,  where  there  are  two  layers  of  haematite  having  a 
united  thickness  of  little  less  than  four  feet,  separated  by  about 
one  foot  of  shale.  The  average  yield  of  these  hgematites  is  from  3-5 
to  40  per  cent,  of  metal. 

Limonite  occurs  in  various  forms,  and  in  deposits  of  very  dif- 
ferent geological  age.  In  the  more  recent  formations  it  is  found  in 
beds,  sometimes  above  three  feet  in  thickness,  reposing  in  depressions 
in  argillaceous  sands  mainly  situated  along  the  banks  of  the  rivers 
Demer,  the  two  Nethes,  and  their  affluents.  The  ores  from  these 
deposits,  which  are  concretionary  and  porous,  contain  about  40 
per  cent,  of  iron,  with  a  considerable  amount  of  jDhosphorus,  but 
they  are  easily  reduced.  A  siliceous  limonite,  containing  phosphorus, 
is  worked  in  a  Quaternary  formation  near  Quevy,  in  the  jDrovince  of 
Hainault.  This  ore,  associated  with  an  argillaceous  sand,  forms  a 
bed  from  3  to  5  feet  in  thickness,  enclosed  in  a  depression  in 
Tertiary  sandstone. 

The  isolated  and  sui^erficial  de^josits  of  iron  ore  which  occur  in 
the  province  of  Luxembourg,  and  notably  at  Ruette,  Athus, 
Toenich,  &c.,  likewise  belong  to  the  Quaternary  age,  and  repose 
upon  Jurassic  rocks.  These  ores  have  apparently  resulted  from  the 
disintegration  of  Jurassic  rocks  during  the  Quaternary  period,  and 
contain  from  30  to  45  per  cent,  of  iron. 

The  Jurassic  formation  constituting  the  surface  of  the  southern 
portion  of  the  Belgian  province  of  Luxembourg,  as  Avell  as  the 
Grand  Duchy  of  that  name  and  the  northern  part  of  Lorraine,  is 
exceedingly  rich  in  iron  ore  identical  with  that  of  the  Meurthe-et- 
Moselle  (see  page  327),  and  furnishes  important  supplies  to  the 
Belgian  ironworks.  The  ore  from  these  localities  is  known  by  the 
name  of  minette,  and  is  a  fine-gruined  ooiitic  limonite  which  occurs 
in  extensive  deposits  in  Luxembourg  and  Lorraine,  but  less  plenti- 
fully in  Belgium.     Near  the  French  frontier  the  beds  of  this  ore 
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are  from  5  to  6  feet  in  thickness,  and  the  ore  contains  from  80  to 
45  per  cent,  of  iron.  The  gangue  consists  principally  of  calcite, 
with  a  little  silica  and  gypsum. 

The  rocks  comprised  between  the  lower  quartzose  schists  and 
the  coal  formation,  enclose  many  important  deposits  of  limonite 
which,  up  to  the  present  time,  have  furnished  the  larger  portion  of 
the  ore  consumed  in  the  Belgian  ironworks.  These  deposits  are 
often  very  extensive,  and  the  ore  always  occurs  either  in  masses  or 
veins,  but  never  in  the  form  of  beds.  The  largest  production  of 
iron  ores  in  Belgium  was  in  1865,  when  it  amounted  to  1,018,231 
tonnes.  In  1875  it  was  only  365,044  tonnes,  and  in  1881  it  was 
further  reduced  to  224,828  tonnes,  dropping  to  152,600  tonnes  in 
1886,  from  which  point  it  gradually  recovered,  till  it  w^as  again 
311,000  tonnes  in  1894. 

Deposits  of  manganiferous  iron  ores,  suitable  for  spiegel  making, 
have  been  worked  in  the  valley  of  the  Lienne,  province  of  Liege, 
for  some  years,  but  their  production  was  quite  insignificant  till  in 
the  year  1887  a  branch  railway  to  the  district  was  opened,  when  the 
output  at  once  sprang  up  suddenly  to  respectable  dimensions.  The 
development  of  this  mineral  district  is  shown  in  the  following- 
table  : — 


OuTPiTT  OF  Manganiferous  Iron  Ore. 


Year. 

Quantity. 

Value. 

Tonnes. 

francs. 

£ 

1881 

770 

3,850 

154 

1882 

345 

1.750 

70 

1883 

82(t 

4,100 

164 

1884 

750 

3,750 

150 

1885 

— 

— 

— 

1886 

750 

9,000 

360 

1887 

12,750 

156,000 

6,240 

1888 

27,787  ■ 

325,000 

13,000 

1889 

20,905 

248,000 

9,920 

1890 

14,255 

176,000 

7,040 

1891 

18,498 

254,600 

10,184 

1892 

16,775 

208,300 

8,332 

1893 

16,820 

209,500 

8,380 

1894 

22,048 

277,700 

11,108 

Lead  and  Zinc. — Lead  ores  occur  in  Belgium  in  the  older 
formations  only,  w^here  they  are  found  in  veins  and  masses,  either 
alone  or  associated  with  blende  and  j^yrites.  The  veinstone  usually 
consists  of  calcite,  heavy  sjDar  and  quartz,  together  with  clay  and 
limonite ;   in   massive    deposits    the    gangue    is  generally  a  dark 
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clay.  Galena,  which  is  loimd  in  numerous  places,  many  of  which 
are  not  of  sufficient  importance  to  pay  the  expenses  of  working, 
is  frequently  accompanied  by  other  ores  of  lead,  such  as  cerussite 
and  pyromorphite ;  it  is  also  often  associated  with  blende  and 
calamine. 

The  most  productive  lead  mine  of  Belgium  is  that  of  Bleyberg, 
near  Moresiiet,  which  is  worked  upon  the  only  vein  in  the  country, 
which,  after  having  traversed  the  Carboniferous  Limestone,  pene- 
trates the  Coal-measures.  Considerable  masses  of  lead  ore  are 
found  along  the  line  of  contact  of  these  two  formations,  but  they 
are  worked  with  difficulty  on  account  of  the  very  large  influx  of 
water. 

The  most  important  zinc  ore  of  Belgium  is  zinc  carbonate, 
commonly  known  as  calamine.  The  hydrous  silicate  is  of  less 
frequent  occurrence,  as  is  likewise  the  anhydrous  silicate  of  zinc,  or 
willemite.  Blende  is  almost  constantly  found  in  association  with 
the  other  ores  of  zinc,  but,  as  its  metallurgical  treatment  is  more 
expensive,  its  value  is  proportionately  less.  The  ores  of  zinc,  like 
those  of  lead,  are  found  in  the  older  formations  only,  and  usually 
occur  either  in  Carboniferous  Limestone,  or  in  rocks  of  Devonian 
age,  where  they  form  lodes  and  irregular  deposits,  associated  with 
galena  and  iron  pjrites.  These  massive  deposits  are  sometimes 
several  hundred  yards  across,  and  the  ores  in  them  have  usually  a 
gangue  of  clay,  sometimes,  however,  replaced  by  limonite,  which  is 
occasionally  worked  as  an  ore  of  iron.^ 

The  Bleyberg  lead  vein  -  is  enclosed  in  the  Carboniferous  Lime- 
stone, and  in  the  Coal-measures  overlying  it.  The  general  direction 
of  the  lode  is  north-west  and  south-east,  forming  with  the  true 
north  an  angle  of  57°,  and  with  the  stratification  one  of  about  115°. 
It  can  be  recognised  for  a  distance  of  3  miles  in  the  Coal-measures, 
and  above  1}  miles  in  the  limestone.  This  vein  is  either  vertical, 
or  dips  at  an  angle  of  from  75°  to  80°  with  the  horizon,  sometimes 
to  the  east  and  sometimes  to  the  west.  No  fault  or  cross-course 
is  known  to  exist,  but  it  is  believed  that  a  change  of  direction 
towards  the  north  may  have  been  caused  either  by  a  heave  or  by 
a  bifurcation  of  the  vein. 

The  filling  of  the  lode,  when  enclosed  in  the  Coal-measures,  is, 

^  Much  information  relative  to  the  mineral  resources  of  Belgium  has  been 
derived  from  Mr.  J.  D.  Hague's  report  on  Mining  Indwitritx  in  Connection  with 
thk  Pans  Exhibition,  1878,  Washington,  1880.— J.  A.  P. 

2  See  pamphlet  published  by  the  Blej'berg-es-Montzen  Company  during  the 
Exliibition  of  1878.  Extrait  dii  Catalogue  de  V Exposition  de  F Industrie  minerale 
beige. 

A    A    2 
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to  a  lai'ge  extent,  made  up  of  the  debris  of  schists,  sandstones,  and 
writs,  which  having  fallen  into  the  fissure,  have  partially  filled  it. 
When  the  vein  traverses  rocks  liable  to  crumble  or  disintegrate, 
these  fragments  are  invariably  most  abundant ;  but,  when  the 
country  rock  is  hard  and  compact,  they  are  less  numerous  and  leave 
larger  spaces  to  become  filled  in  another  way. 

During  the  time  this  partial  filling  of  the  opening  with  country 
rock  was  actually  taking  place,  or  some  time  subsequently,  the 
fissure  and  its  contents  have  been  subjected  to  the  action  of  waters 
containing,  in  solution,  various  metalliferous  substances,  and  these 
have  been  deposited  in  the  cavities  existing  between  the  fragments 
of  the  material  already  partially  filling  the  vein  cavity.  In  this 
way  the  filling  of  the  fissure  has  been  partly  mechanical,  occasioned 
by  the  falling  in  of  the  sides,  and  partly  chemical,  produced  by  the 
deposition  of  minerals  from  waters  holding  them  in  solution.  No 
eruptive  rocks  have  been  met  with  in  the  district  under  consider- 
ation. The  veinstone  frequently  exhibits  a  concretionary  structure, 
and  where  the  rocks  are  hard,  and  the  spaces  between  the  frag- 
ments necessarily  large,  the  metalliferous  minerals  are  deposited  in 
ribbon-like  bands.  These  deposits  of  mineral  are  composed  of 
alternate  layers  of  blende  and  galena,  the  two  being  but  seldom 
mixed.  Alternate  layers  of  this  kind  have  been  frequently  repeated, 
the  blende  having  evidently  been  the  first  mineral  deposited.  The 
galena  carries  small  quantities  of  copper,  antimony,  and  silver,  with 
traces  of  other  metals. 

Ribboned  deposits  of  blende  and  galena  have  been  unable 
to  form  in  those  parts  of  the  vein  where  the  whole  of  the 
fissure  had  been  already  filled  with  pieces  of  the  country  rock,  but, 
in  the  majority  of  cases,  these  fragments  have  left  between  them 
sjDaces  of  greater  or  less  dimensions.  In  such  places  the  blende 
and  galena  have  taken  the  exact  shape  of  the  cavities  left,  and 
have  surrounded  the  fragments  of  country  rock,  so  as  not  only 
to  preserve  their  form  but  also  their  sharpness  of  outline. 
For  considerable  distances  on  the  length  of  the  fissure,  the 
filling  of  schist  has  been  so  completely  disintegrated  that  it  has 
becoiue  filled  with  imctuous  clay,  which,  being  almost  completely 
impermeable  by  water,  has  caused  certain  portions  to  be  nearly 
absolutely  barren.  In  these  portions  of  the  lode  blende  and 
galena  are  sparingly  disseminated  in  the  form  of  minute  grains 
with  a  few  occasional  geodes,  and  with,  occasionally,  a  few  crystals 
of  various  minerals,  in  strings  and  cracks.  At  Bleyberg  the 
influence  of  the  country  rock  appears  to  be  limited  to  the  effect 
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jDroduced  by  the  amount  of  material  falling  into  the  fissure,  and 
the  space  consequently  left  open  for  the  circulation  of  mineral 
Avaters,  and  for  the  deposit  of  ores. 

The  waters  have  not  introduced  into  the  Bleyberg  Lode  a 
sufficient  amount  of  metalliferous  material  to  fill  all  the  cavities 
remaining  oi^en,  and  these  have  subsequently  been  closed  by 
deposits  of  calcite  and  silica,  removed  from  the  surrounding  lime- 
stones and  schists  by  the  agency  of  waters  impregnated  with  car- 
bonic acid.  Ferruginous  minerals  have  been  introduced  into  the 
lode  in  a  similar  way,  and  iron  jDyrites  is  not  unfrequently  met 
Avith  in  a  compact  or  cavernous  form,  in  that  of  stalactites,  or  as 
thin  strata  in  geodes,  often  lined  with  crystals  of  blende,  galena, 
or  calcite. 

In  studying  the  genesis  of  this  lode  another  phenomenon  must 
not  be  lost  sight  of,  and  that  is,  that  during  the  progress  of  the 
deposition  of  these  minerals,  or  perhaps  afterwards,  the  vein  fissure 
was  several  times  re-opened.  These  re-openings  of  the  vein  have 
imparted  to  the  mass  movements  which  not  only  led  to  a  partial 
re-arrangement  of  its  contents,  but  likewise  resulted  in  certain 
physical  effects.  In  this  way  there  has  been  a  sinking  of  one  or 
other  of  the  walls  of  the  lode,  or  a  depression  or  elevation  of  its 
filling,  giving  rise  to  slickensides  and  vertical  striations  of  the 
surfaces.  In  this  way  also  the  regularly  foliated  deposits  of  ore 
have  become  displaced,  turned  over,  and  mixed  with  those  of  an 
irregular  and  fragmentary  nature.  Finally,  at  one  period  of  its 
formation,  the  vein  fissure,  while  opening  at  one  side,  was  gradually 
closing  on  the  other,  which  at  such  points  resulted  in  the  crushing 
of  its  filling,  and  its  reduction  to  the  state  of  angular  fragments. 
When  the  re-opening  of  a  vein  fissure  occurs  during  the  percola- 
tion or  passage  through  it  of  mineral  waters,  deposits  will  take 
place  upon  the  surfaces  of  the  fragments  resulting  from  crushing, 
and  it  is  not  uncommon  to  find  in  the  Bleyberg  Vein  a  deposit  of 
perfect  crystals  upon  broken  crystals  of  the  same  or  of  some  other 
mineral.  The  metalliferous  portion  of  the  lode,  together  with  the 
various  associated  minerals  constituting  its  fillincf,  has  an  average 
width  of  nearly  three  feet ;  but  the  enclosing  Coal-measures  exhibit 
the  effects  of  the  disturbing  influences  of  the  rent  for  a  width  of 
above  thirty-six  feet,  within  which  limits  the  country  rock  is 
crushed  and,  to  some  extent,  displaced. 

The  deposits  of  substances  introdiiced  by  the  mineral  waters 
before  referred  to,  sometimes  occupy  one  side  of  this  broken  ground, 
and  sometimes  the  other ;  but  their  passage  can  always  be  traced 
by  the  metalliferous,  calcareous,  or  siliceous  materials  which  fill  its 
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fissures.  On  either  side  of  this  disturbed  zone  the  rock  remains 
entirely  unchanged,  and  is  without  any  trace  of  extraneous  minerals, 
even  along  its  planes  of  stratification. 

In  the  Carboniferous  Limestone  the  filling  of  country  rock 
resulting  from  the  disintegration  of  the  walls,  no  longer  consists 
of  schists,  sandstones,  and  grit,  but  is  almost  entirely  comj^osed  of 
limestone  with  some  blende  and  galena.  The  ores  here  found  are 
precisely  identical  in  composition  with  those  occurring  in  the  Coal- 
measures  ;  they  crystallise  in  the  same  dominant  forms,  and  contain 
similar  proportions  of  copper,  antimony,  and  silver.  In  the  upper 
part  of  the  limestone  there  are  found,  without  any  recognised  order, 
carbonates  of  lead,  zinc,  and  copper,  which  usually  enclose  kernels 
composed  of  the  sulphides  of  the  same  metals. 

The  phenomena  of  the  re-openings  of  the  fissure,  of  the  mixing 
of  its  filling,  and  of  the  crushing  by  its  walls  of  the  veinstone,  are 
seen  even  more  distinctly  in  the  upper  portions  of  the  limestone 
than  they  are  in  the  Coal-measures.  At  this  point  the  limestone 
above  the  fracture  has  been  eroded  into  an  opening  above  1,600 
feet  in  length,  180  in  width,  and  from  180  to  250  in  dejDth. 

On  the  walls  of  this  cavernous  space,  and  on  the  surfaces  of  a 
material  representing  geyserite,  large  cj^uan titles  of  blende  and  galena 
were  at  some  time  deposited,  but  by  subsequent  violent  shocks  they 
have  become  detached  and  mixed  with  various  other  bodies,  includ- 
ing^ framients  of  some  of  the  older  rocks.  Nothing  can  be  more 
instructive  or  interesting  than  these  accumulations,  in  which, 
although  all  the  minerals  and  gangues  occur  in  the  form  of  frag- 
ments, each  individual  piece,  either  by  its  banded  structure  or  by 
the  arrangement  of  its  crystals,  bears  distinct  evidence  of  once 
having  formed  part  of  a  regular  deposit.  On  the  eastern  wall 
of  the  cavern  deposits  of  blende,  galena,  calcite,  &c.,  are  some- 
times found  in  situ,  and  still  adhering  to  the  rock,  just  as  they 
were  left  by  the  waters  through  the  agency  of  which  they  were 
deposited. 

A  large  mass,  j)rincipally  of  galena,  also  occcurs  at  the  j  unction 
of  the  Coal-measures  with  the  Carboniferous  Limestone,  at  which 
point  it  would  appear  there  was  formerly  a  lake-like  depression 
supplied  with  plumbiferous  waters.  In  this  way  was  probably 
produced  a  large  deposit  of  lead  ore,  in  all  respects  identical  in 
composition  with  that  obtained  from  the  lode,  although  forming  a 
solid  mass  and  entirely  without  any  admixture  of  fragmentary 
country  rock.  This  mass  which  rests  upon  a  somewhat  extensive 
base  of  the  Coal-measure  formation,  has  never  been  disturbed  as 
in  the  case   of  the  lode,  in  which  the  crushing  and  mixino-  of  the 
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ores  lias  resulted  from  the  repeated  re-opening  of  the  fissure  and 
the  consequent  movements  of  its  walls.  This  deposit  comes  to 
within  twenty  yards  of  the  jDresent  surface,  and  is  covered  by 
detrital  matter  from  the  Coal-measures,  and  by  various  shales  and 
rocks  of  Tertiary  age,  all  stratified  horizontally,  but  unconformably, 
with  tlie  Coal-measures  and  sandstones. 

The  amount  of  water  percolating  into  the  Bleyberg  mines  is 
unusually  large,  generally  amounting  to  7,260  gallons  per  minute, 
but,  exceptionally,  reaching  12,000  gallons  per  minute,  which  is 
jDumped  from  a  depth  of  597  feet.  From  the  date  of  the  forma- 
tion of  the  present  Company,  1853,  up  to  Ma}^  1878,  this  mine  had 
produced  86,850  tonnes  of  zinc  ores  and  86,876  tonnes  of  lead  ores, 
during  which  time  it  had  repaid  its  capital  four  times  over.  Since 
1890  its  production  has  been  insignificant. 

The  important  deposit  of  calamine  at  Vieille-Montagne,  Alten- 
berg  or  Kelmisberg,  belongs  to  the  Vieille-Montagne  Company,  and 
is  situated  near  Aix-la-Chapelle,  in  the  immediate  vicinity  of 
the  village  of  Moresnet.  It  occurs  in  the  lower  strata  of  the 
Carboniferous  Limestone,  which  are,  for  the  most  part,  converted 
into  dolomite,  and  fills  a  basin-like  depression,  of  which  the  longer 
axis  has  a  length  of  600  yards,  while  its  width  varies  from  200  to 
260  yards.  This  basin  of  zinc  ore  and  dolomite  is,  on  one  side, 
raised  towards  the  surface  and,  on  the  other,  dips  beneath  it,  being 
itself  enclosed  in  soft  Devonian  schists  which  come  to  the  surface 
on  both  sides.  A  bed  of  quartzose  dolomite,  which  can'ies  large 
quantities  of  water,  separates  the  two  rocks,  and  in  all  directions 
bounds  the  deposit  with  great  regularity.  The  ore,  which  towards 
the  surface  is  jDiincipally  composed  of  very  pure  calamine  with 
scarcely  any  admixture  of  blende  or  galena,  has  nearly  filled  the 
tilted  basin  before  referred  to,  and  croj^s  out  at  the  surface  for  a 
considerable  distance. 

AtKelmisberg  the  zinc  ore  being  entirely  surrounded  bydolomite, 
nowhere  comes  into  contact  with  other  rocks,  and  can  scarcely  be 
regarded  otherwise  than  as  resulting  from  the  gradual  transforma- 
tion of  the  enclosing  dolomite  into  zinc  ore  by  an  exchange  of 
bases  effected  through  the  agency  of  metalliferous  waters.  This 
remarkable  deposit  of  ore  was  most  extensively  developed  near  the 
surface,  where  it  reached  a  length  of  490  yards  and  a  width  of 
180  yards. 

The  most  productive  and  most  highly  concentrated  portion  of 
the  deposit  is  situated  at  the  northern  extremity  of  the  basin,  and 
is  separated  from  the  southern  body  of  ore  by  a  projecting  j)oint  of 
dolomite.     Towards  the  south-west  the  depo.sit  is  continuous,  but 
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is  hidden  under  a  capping  of  dolomite  beneath  which  it  has 
been  followed  to  a  depth  of  120  yards.  While,  at  the  surface,  the 
ore  consisted  chiefly  of  carbonate  of  zinc,  lower  down  it  became 
mixed  with  hydrated  silicate  of  zinc,  which  gradually  increased  in 
quantity  until  it  eventually  formed  the  larger  portion  of  the  ore. 
Anhydrous  silicate  of  zinc,  wallemite,  has  always  been  found  in 
large  masses  scattered  without  any  ajoparent  rule  throughout  the 
other  ores. 

The  first  shafts  are  said  to  have  been  sunk  during  the  fifteenth 
century  for  the  purpose  of  supplying  calamine  to  the  foundries  of 
Aix-la-Chapelle,  the  proprietors  of  which,  without  any  knowledge 
of  the  metal  it  contained,  employed  it  in  the  manufacture  of  brass. 
The  largest  yield  was  in  1855,  wdien  it  reached  137,000  tonnes  of 
ore  as  it  came  from  the  mine,  or  50,900  tonnes  of  concentrated  ore. 
Since  the  year  1856,  the  workings  have  been  carried  on  under 
ground,  and  it  is  known  that  uj)  to  1878  about  a  million  and  half 
tonnes  of  first  class  ore  had  been  extracted  from  these  dej)0sits, 
which  Avere  practically  exhausted  by  1882.  The  almost  chemically 
pure  zinc,  wdiich  is  employed  for  making  hlanc  dc  ncigc  and  for  art- 
castings,  is  exckisively  made  at  the  Moresnet  works. 

The  bed  of  zinc  ore  at  Welkenradt  ^  occurs  betw^een  coal- 
shale  and  Carboniferous  Limestone,  extending  for  a  distance  of 
more  than  120  fathoms  along  the  strike.  It  dips,  like  the 
adjacent  beds,  at  a  very  high  angle,  and,  with  them,  has  under- 
gone the  same  folding  and  faulting.  The  foot  wall,  w^hich  is  in 
contact  with  the  limestone,  consists  of  either  compact,  drusy, 
foliated,  shaly,  or  earthy  hydrous  silicate  of  zinc,  wdiich,  in 
the  higher  levels,  becomes  ferruginous  and  passes  into  ironstone, 
or  into  a  shaly  mass  w^ith  enclosures  of  limonite.  The  hanging 
wall,  in  contact  with  the  shale,  consists  of  a  black  clay,  w^hich 
contains  nodules  and  fragments  of  various  metallic  sulphides,  such 
as  concentric  blende,  galena,  and  pyrites.  The  sulphide-bearing 
zone  which  is  of  much  greater  extent  than  that  producing  zinc  ores, 
is  known  as  the  foot  wall  of  the  Coal-measures,  and  is  justly  re- 
garded as  an  interstratified  deposit.  In  Fig.  85,  after  Braun 
wdiich  represents  this  deposit,  a  is  limestone,  h  shale,  c  clay  con- 
taining ironstone,  d  shale  with  galena,  &c.,  and  c  hydrated  silicate 
of  zinc. 

All  these  are  irregular  deposits  of  apparent!}'  metasomatic 
origin  and  must  be  classed  among  the  ore  masses  occurring  in  or 
with  calcareous  rocks. 

The  production  of  metalliferous  minerals  in  Belgium  has  for 

^  M.  Eraun,  Zeiffsch'r.  d.  d.  Gem/f,srh.,  ix.  1857,  p.  oo-l. 
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some  years  been  graduaUyclecreasing,  although  their  importation 
into  that  country  for  metahurgical  treatment  is  very  large.  This 
decrease    of  yield   appears   to  affect  almost  equally   all  the   ores 
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produced.  This  declining  tendency  of  metalliferous  mining  in  the 
country  is  clearly  shown  by  the  following  table,  which  gives  the 
production  by  decades  : — ^ 


PerioJ. 

Zinc  Ore. 

Lead  Ore. 

Iron  Pyrites.              Iron  Ore.- 

i 

S 

2 

Total  Valuts. 

? 

c                        t^ 

o 

c 

t 

+3 

o 

ct 

ci 

ci 

C3 

O" 

Fiancs. 

o- 

> 

Tonnes 

Francs. 

Tonnes 

Tonnes 

Tonnes 

Francs. 

Francs. 

Francs. 

£ 

1S41— 1S50 

373,503 

18,437,000 

23,034 

3,387,000 

31,108 

347,000 

3,437,940 

•TO,  521, 000 

52,962,000 

2,318,480 

1851— ISOO 

770,887 

37,522,000 

72,814 

9,880,000 

200,090 

3,487,000 

7.118,869 

68,886,000 

119,783,000 

4,791,320 

1861—1870 

638,459 

30,426,000 

140,964 

23,478,000 

391,134 

8,548,000 

7,853,159 

75,660,000 

138,112,000 

5.524,480 

1871—1880 

454,548 

27,219,000 

108,433 

17,436,000 

274,480 

6,547,000 

4,271,831 

39,956,000 

91,158,000 

3,646,320 

1881—1890 

211,577 

9,662,000 

14,101 

2,204,000 

32,565 

363,000 

1,955,325 

13,660,000 

25,949,000 

1,037,960 

The   table   on   the  following   page  from  official  sources^   will 
jsrobably  prove  of  interest  in  the  same  connection  : — 

^  Em.  Harze,  "  Statistique  des  mines,  etc.,  en  Belgique,"  Bull,  de  la  Soc.  de 
rindiisfrie  Minercde,  3,  vi.  1892,  p.  931. 

"  The  quantities  and  values  of  manganiferous  iron  ores  tabulated  on  }>.  354, 
ai'e  included  under  this  head. 

^  Royaume  de  Belgique,  Ministere  des  Travaux  Publics,  Cowjjte  Rendu  des 
02)(?r at io7is  Pendant  r A nnee  1881,  "Mines,"  p.  5,  Bruxelles,  1882;  Stafintiqiie  des 
Mints,  Minieres,  Carrier-es,  etc. 
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Table  showing  the  Production  of   Metalliferous  Minerals  in  Belgium 
DURING  Twenty-three  Years  from  1871. 


Years. 

Zinc  Ore. 

Lead  Ore. 

Iron 

Pyrites. 

Iron  Ore.i 

1 

'£ 

s 

x- 

Total  Values. 

g 

. 

3 

O" 

a 

"3 

> 

5" 

"3 
> 

1 

6" 

Values. 

i 

Tonnes. 

Francs. 

Tonnes. 

Francs. 

Tonnes. 

Francs. 

Tonnes. 

Francs. 

Francs. 

£ 

1872 

55,177 

3,766,000 

11,887 

1,936,000 

40,932 

985,000 

749,781 

7,390,000 

14,077,000 

563,080 

1873 

42,582 

3,014,000 

11,280 

2,183,000 

36,651 

1,060,000 

777,469 

7,834,000 

14,091,000 

503,040 

1874 

43,299 

2,707,000 

10,894 

2,194,000 

28,872 

778,000 

527,300 

5,178,000 

10,857,000 

434,280 

1875 

42,504 

2,878,000 

10,567 

2,005,000 

30,747 

807,000 

365,044 

3,423,000 

9,113,000 

364,520 

1876 

37,713 

2,555,000 

12,45:2 

1,702,000 

23,588 

566,000 

269,206 

2,458,000 

7,281,000 

291,240 

1877 

44,987 

2,505,000 

11,542 

1,919,000 

26,207 

639,000 

234,227 

2,158,000 

7,221,000 

288,840 

1878 

45.293 

2,479,000 

13,477 

1,548,000 

21,721 

523,000 

207,157 

1,758,000 

6,308,000 

252,320 

1879 

42,089 

2,145,000 

9,384 

1,087,000 

15,577 

324,000 

195,212 

1,567,000 

5,123,000 

204,920 

1880 

38,805 

2,242,000 

5,434 

892,000 

7,913 

164,000 

253,499 

1,875.000 

5,173,000 

206,920  ' 

1881 

23,553 

1,195,000 

3,741 

657,000 

2,965 

49,000 

224,882 

1,817,000 

3,718,000 

148,720 

1SS2 

20,443 

707,000 

2,918 

486,000 

2,555 

21,000 

209,212 

1,593,000 

2,807,000 

112,280 

1883 

20,738 

750,000 

1,749 

311,000 

1,623 

18,000 

216,490 

1,497,000 

2,576,000 

103,040 

1884 

27,606 

1,014,000 

1,796 

257,000 

2,243 

35,000 

176,755 

1,280,000 

2,586,000 

103,440 

1885 

18,185 

680,000 

1,299 

187,000 

4,533 

65,000 

187,118 

1,311,000 

2,243,000 

89,720 

1886 

19,042 

762,000 

1,292 

194,000 

3,209 

31,000 

153,378 

955,000 

1,942,000 

77,680 

1887 

20,879 

897,000 

548 

92,000 

3,490 

32,000 

185,186 

1,183,000 

2,204,000 

88,160 

1888 

24,537 

1,161,000 

414 

44,000 

3,916 

41,000 

213,327 

1,402,000 

2,648,000 

105,920 

1889 

21,184 

1,296,000 

194 

20,000 

5,051 

43,000 

202,431 

1,363,000 

2,722,000 

108,880 

1890 

15,410 

1,200,000 

150 

16,000 

2,980 

28,000 

186,546 

1,259,000 

2,503,000 

100,120 

1891 

14,280 

1,053,400 

70 

8,100 

1,990 

19,100 

220,702 

1,427,300 

2,507,900 

100,316 

1892 

12,260 

981,600 

60 

8,200 

2,570 

27,400 

226,718 

1,301,400 

2,318,600 

92,744 

1893 

11,310 

635,800 

67 

7,600 

6,310 

49,000 

301,285 

1,687,400 

2,379,800 

95,192 

1894 

11,600 

579,000 

160 

17,000 

3,060 

30,000 

333,000 

1,860,000 

2,486,000 

99,440 

With  the  exception  of  small  quantities  obtained  from  surface 
deposits  in  the  provinces  of  Limbourg  and  Antwerp,  and  of  the 
manganiferous  ores  of  the  Lienne  above  referred  to,  the  iron  ores  are 
chiefly  the  produce  of  Liege,  Namur,  and  Luxembourg. 


THE  GERMAN  EMPIRE. 

Germany  is  undoubtedly  the  classic  land  of  mining,  since  it 
not  only  comprehends  extensive  areas  of  exceptional  metalliferous 
importance,  but  it  was  here  that  the  kindred  arts  of  mining  and 
metallurgy  were  first  systematically  taught  and  practised  ;  while 
at  the  present  time  the  various  mining  academies  of  the  German 
Empire  are  the  resort  of  students  from  all  parts  of  the  civilised 
world.  The  German  miner  of  the  middle  ages,  like  his  Cornish 
representative  of  to-day,  Avas  an  active  pioneer  and  persevering 
colonist.  In  the  twelfth  century  he  founded  Schemnitz  and 
Kremnitz  in  Hungary,  and  three  centuries  later  Schmollnitz  and 
Kapnik  were  oj^ened  up  by  miners  of  the  same  nationality. 

About  the  middle  of  the  sixteenth  century  numerous  German 

^  The  quantities  and  values  of  manganiferous  iron  ores  tabulated  on  p.    .354, 
are  included  under  this  head. 
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miners  and  smelters  were  induced  to  settle  in  Great  Britain,  Queen 
Elizabeth,  according  to  Sir  John  Pettus,  having-  been  advised  to 
take  this  step  "  from  Her  observation  of  the  inartificialness  of 
former  Ages  in  this  concern,  which  may  be  collected  from  Her 
sending  for  and  imploying  so  many  GcriiKins  and  other  Foreiners 
(where  Mines  were  plentiful  and  the  Arts  belonging  to  them),  who 
might  put  us  into  the  tract  of  managing  ours,  in  finding  and 
difjging  them,  and  in  smelting  and  refining  Metcds."  ■"■ 

Amongst  the  various  States  that  compose  the  German  Empire, 
Prussia  naturally  takes  the  lead  as  a  producer  of  metalliferous 
minerals  ;  for  mining  purposes  it  is  divided  into  the  five  following- 
districts  known  as  Oherhcrgcuntsljezirhc :  Breslau,  Halle,  CJausthal, 
Dortmund  and  Bonn.  Next  to  Prussia  comes  Saxony  as  a  metal 
mining  country,  none  of  the  others  being  of  any  importance  with  the 
excejition  of  Alsace-Lorraine  and  Luxembourg,  which  latter  State 
is  usually  included  as  belonging  to  the  German  Customs  Union. 
The  two  last  named  produce  large  amounts  of  brown  iron  ore,  the 
so-called  minettc. 

Rhixe  Provinces,  Westphalia,  &c. — The  ore  deposits  of 
this  area  are  exceedingly  numerous,  and  consequently  some  of  the 
more  important  only  can  be  noticed. 

The  oldest  account  of  the  occurrence  of  gold  veins  in  the 
Eisenberg,  near  Corbach,  is  given  by  Agricola,  and  it  is  stated  by 
Briickmann  that  gold  was  obtained  from  this  source  in  the  year 
lofiO.  Much  more  recently  W.  v.  Eschwege  obtained  gold  in  the 
form  of  minute  scales  from  the  alluvium  of  the  Edder,  but  in 
such  small  quantities  as  to  render  its  extraction  unprofitable, 
and  moreover  he  in  no  case  found  a  fragment  of  gold  adhering  to 
its  matrix. 

Dieffenbach  ^  describes  the  Eisenberg,  near  Goldhausen,  as  bein^- 
formed  of  quartzose  and  clay  slates,  the  former  being  thinly 
stratified,  much  folded,  fissured  and  contorted.  Copper  ores, 
particularly  malachite,  azurite,  chrysocolla  and  cuprite,  occur  in 
these  fissures ;  and  the  siliceous  slate  in  the  vicinity  of  such  ores 
is  soft,  much  decomposed,  and  impregnated  with  calcite.  The 
surfaces  of  the  clefts  in  this  rock  are  also  often  covered  by 
incrustations  of  calcite,  dolomite,  or  spathic  iron  ore,  which  are 
sometimes  crystallised.  In  other  cases  the  cavities  in  the  slate  are 
filled  with  melaconite,  which  is  sometimes  moderately  abundant. 
The  siliceous  slate   in  the   vicinity  of  the  melaconite   and  other 

^  Fodiiuif  Btyates,  chap,  xxiii. 
^  LtonharcVs  Jahrh.  1854,  p.  324. 
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copper  ores,  has  a  cellular  texture,  and  there  can  be  little  doubt 
tliat  this  and  the  other  minerals  containing  copper  are  the  result 
of  the  decomposition  of  pyrites.  The  gold  occurs  in  the  clefts  of 
tlie  quartzose  slate,  partly  incru sting  small  rhombohedra  of  spathic 
iron,  which  have  consequently  the  appearance  of  gold  crystals,  and 
partly  as  thin  dendritic  incrustations  upon  the  surfaces  of  the 
clefts.  The  gold,  which  is  evidently  a  more  recent  formation  than 
the  crystals  referred  to,  is  sometimes  covered  by  small  rhombohedra 
of  calcite  with  rounded  edges.  The  incrustation  of  gold  is  at 
times  so  extremely  thin  as  to  impart  a  dull  brownish  colour  only 
to  the  crystals,  and  the  entire  rock,  more  especially  the  red  clay 
filling  the  joints,  was  found  to  contain  gold.  The  mode  of 
occurrence  of  this  gold  would  appear  to  show  that  the  carbonates 
of  cojDper  and  other  ores  of  that  metal  found  in  the  joints  of  the 
slates,  are  of  secondary  origin,  and  that  they  were  derived 
originally  from  auriferous  pyrites  containing  copper.  Dieffenbach 
was  unable  to  find  any  trace  of  a  vein  in  the  siliceous  slates, 
and  he  was  likewise  not  able  to  determine  whether,  at  some  former 
period,  they  were  covered  by  the  copper  shales  which  are  to  be 
found  in  sittc  on  the  flanks  of  the  mountain,  and  Avhich  surround 
the  mines  at  Goddelsheim. 

Alluvial  gold,  resulting  from  the  disintegration  of  quartz  veins 
in  that  district,  has  been  found  in  the  sands  of  the  Goldbach,  a 
tributary  of  the  Moselle,  but  not  in  sufficient  quantity  to  repay 
the  cost  of  extraction.^ 

Numerous  veins  containing  argentiferous  galena  occur  in 
Devonian  rocks  in  the  vicinity  of  Olpe  and  Siegen,  although  but 
few  of  them  have  been  more  than  moderately  productive.  Tlie 
most  extensive  lead  mines  which  have  been  worked  in  this  district 
are  those  of  Wildberg  and  Hideberg,  situated  upon  the  same  group 
of  east  and  west  lodes.  The  country  rock  consists  of  alternations 
of  schists  and  slates,  with  a  highly  siliceous  grauwacke,  and  the 
veinstone,  which  is  often  to  a  large  extent  composed  of  spathic 
iron  ore,  frequently  contains,  in  addition  to  galena,  copper  pyrites 
and  blende.  The  Hideberg  Mine  is  still  in  operation,  but  that  of 
Wildberg,  which  has  been  worked  more  or  less  intermittently  from 
about  the  fifteenth  century,  was  closed  about  twenty  years  ago. 
There  are  likewise  lead  mines  in  the  neighbourhood  of  Wiehl, 
Rlinderoth,  and  Siegburg,  besides  which,  considerable  quantities  of 
lead  ore  and  blende  have  been  obtained  from  mines  near  Bensberof, 
nine  miles  east  of  Cologne. 

^  Nuggeratli,  Rheinland-WestphaJien,  i.  1822,  p.  141. 
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The  group  of  lodes  extending  from  Holzappel,^  on  the 
Lahn,  to  Wellmich  and  Werlau,  on  the  Rhine,  traverse  grau- 
wacke  and  clav  slates  of  Devonian  a^e,  and  have  usuallv  an 
E.N.E.  and  W.S.W.  direction,  with  a  general  dip  towards  the 
S.E.,  but  sometimes  towards  the  N.W.  "  Talcose  clay  slates " 
occasionally  form  a  constituent  of  this  formation  and  are  of 
frequent  occurrence  in  the  immediate  vicinity  of  lodes.  These 
rocks,  named  by  the  miners  Weisscs  Gchirge  (white  rock),  contain 
numerous  beds  and  veins  of  quartz,  the  latter  of  which  often 
cross  the  strata  nearly  at  right  angles,  and  are  themselves  always 
intersected  by  lodes. 

The  Devonian  grauwacke  rocks  enclose  deposits  of  argentiferous 
lead  ores,  as  well  as  ores  of  cojaper,  zinc,  and  iron.  The  iron 
ore  forms  regular  beds  between  strata  of  the  schistose  rocks, 
superficial  deposits  of  comparatively  recent  age,  or,  in  the  form  of 
spathic  iron,  is  an  important  constituent  of  the  filHng  of  lodes 
containing  ores  of  lead,  copper,  and  zinc.  The  lodes  forming  the 
most  eastern  portion  of  the  group  at  Holzappel,  consist  of  three 
distinct  leaders,  which  probably  come  together  in  depth,  but, 
like  all  the  other  veins  belonging  to  this  group,  they  almost 
coincide  in  strike  and  dip  with  the  bedding- of  the  country  rock, 
and  have  consequently  been  sometimes  mistaken  for  metalliferous 
beds.  These  lodes  have  been  faulted  by  two  distinct  fissures, 
and  have  consequently  been  divided  into  three  portions,  of  which 
the  most  easterly  is  represented  by  one  only  of  the  three  leaders. 

The  veinstone  consists  principally  of  quartz,  which  sometimes 
assumes  the  form  of  hornstone,  with  argentiferous  galena  and 
blende.  Associated  with  these  minerals  are  tetrahedrite,  copper 
pyrites,  spathic  iron  ore,  heavy  spar,  calcite,  and  dolomite,  which 
exhibit  no  regular  order  of  sequence.  These  ores  occur  partly  as 
alternating  ribbons,  but  more  frequently  they  are  iiTegularly 
distributed  through  the  veinstone,  which  often  at  the  same  time 
encloses  fragments  of  the  country  rock.  Iron  pyrites  occurs  more 
commonly  in  clefts  in  the  country  rock  thau  in  the  lodes  them- 
selves, which,  near  the  surface,  contain  numerous  products  of 
decomposition,  such  as  cerussite,  jDyromorphite,  cerasine,  and 
anglesite.  Blende  is  represented  by  smithsonite  and  goslarite  ; 
tetrahedrite  by  malachite  and  azurite,  and  spathic  iron  ore  and  iron 
pyrites  by  limonite,  and  by  various  ochreous  iron  ores.     The  ore, 

1  Bauer,  Karsten^s  Arch.,  1841,  xv.  pp.  137-209.  Xtiggerath,  Rheinland- 
Westphalien,  iii.  p.  216.  B.  v.  Cotta,  Die  Lehre  von  den  Erzlagerstdtten,  2ii(l 
edit.,  Freiberg,  1859,  ii.  p.  143. 
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although  not  uniformly  distributed  throughout  the  lodes,  is  con- 
centrated in  shoots,  bunches,  or  zones,  which  incline  obliquely  to 
the  plane  of  the  lodes,  at  angles  varying  from  14°  to  20°.  These 
are  not  only  nearly  parallel  to  one  another,  but  also  to  the  line 
which  the  stratification  of  the  country  rock  forms  with  the  jolanes 
of  the  lodes.  The  lodes  are  usually  separated  from  the  enclosing 
rock  by  selvages,  and  sometimes  by  friction-surfaces,  Avhich  are 
generally  grooved  parallel  to  the  dip  of  the  shoots  of  ore.  There 
are  no  geodes  in  the  veinstone,  which  is,  however,  traversed  by 
numerous  fissures,  which  do  not  extend  into  the  country  rock 
beyond.  These  are  often  more  or  less  open,  and  are  lined  with 
crystals  which  are  usually  of  the  same  mineral  as  that  on  which 
they  are  deposited.  In  this  way  crystals  of  quartz  are  generally 
deposited  upon  a  quartzose  matrix,  while  crystals  of  galena  are 
found   upon  masses  of  the   same    mineral.     With  regard  to  the 


Fig.  Si). — Holzappel  Lode  ;  Herminen  level. 


influence  exercised  by  the  wall  rock  upon  the  contents  of  the  veins, 
there  is,  at  Holzappel,  nothing  to  show  that  between  certain  rocks 
the  veins  are  always  rich,  and  that,  when  enclosed  in  others,  they 
are  invariably  poor  ;  a  soft  crumbling  wall  rock  is,  however,  more 
unfavourably  regarded  by  the  miners  than  a  moderately  hard  one. 
The  walls  of  the  lode  are  by  no  means  perfect  planes,  but  have 
been  twisted  and  contorted,  and  in  such  cases  the  parts  of  a  lode 
cutting  through  the  strata  are  called  BdnJce  by  the  miners. 

The  walls  of  the  vein  fissures  show  numerous  bends  and 
distui-bances,  while  the  country  rock  is  frequently  arranged  in 
folds,  of  which  the  concentric  structure  is  often  very  remarkable. 
The  fissures  intersecting  and  faulting  these  lodes  are  usually 
filled  with  clay,  which  occasionally  contains  spheroidal  masses  of 
ore,  similar  to  those  sometimes  found  in  the  veins ;  and  through 
the  agency  of  these  fissures  the  country  rock  has  frequently 
become    impregnated    with   copper   and    iron    pyrites      Fig.    8G, 
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after  Bauer,  represents  a  section  of  the  Holzappel  Lode  in  the 
Herminen  level,  where  it  varies  from  fifteen  to  twenty-five  inches 
in  width. 

According  to  A.  v.  Groddeck  the  JVeisses  Gehirgc  of  Holzappel, 
Wellraich,  and  Werlau,  the  LagerscJiiefer  of  Mitterberg  in  the 
Salzburg  Alps,  and  the  white  slates  of  Agordo  in  the  Venetian 
Alf»s,  which  previously  to  his  time  had  been  described  as  "talc 
slates,"  or  as  "  rocks  resembling  talc  slate,"  are  sericite  rocks}  He 
states  that  analyses  of  this  sericite  show  that  it  is  a  cryptocrys- 
talliue  potash  mica,  and  that  pseudomorphs  after  felspar,  augite, 
magnetite,  and  titanic  iron  ore,  are  found  in  the  white  rock,  which 
must  be  regarded  as  an  altered  eruptive  rock,  probably  diabase. 
In  the  white  rock  of  Wellmich  are  enclosed  large  crystals  of 
apatite,  which  he  regards  as  of  secondary  origin.  The  variety  of 
white  rock  called  Lagcrschicfcr,  and  the  white  slate  which  encloses 
needles  of  clay  slate,  are  probably  metamorphic  rocks  resulting 
from  normal  clay  slates  or  grauwacke  slates.  A  knov.dedge  of 
these  rocks  becomes  valuable  as  opening  u^d  new  points  of  view 
with  regard  to  various  important  questions  relating  to  ore  deposits, 
since  it  would  appear  probable  that  the  sericite  slates  always 
occur  in  association  with  ore  deposits  lying  conformably  with  the 
strata  of  the  surrounding  rock.  He  further  remarks  that  the 
deposits  of  Holzappel,  Wellmich,  "Werlau,  and  Mitterberg,  have, 
with  perfect  certainty,  been  determined  to  be  Lagcrgdnge  or 
bedded  veins. 

The  lodes  of  Holzappel,  Wellmich,  and  Werlau,  belong  to  one 
Gangzvg  or  system  of  veins,  and  are  accompanied  by  several  parallel 
systems  striking  N.E. — S.W.,  and  dii^ping  S.E. ;  these  are  : — 

1.  The    Ems    Lode-system. 

2.  „  Mahlberg  „ 

3.  ,,  Homberg  „ 

4.  ,,  Winden  „ 

5.  „  Weinaur  „ 

6.  „  Holzappel  „ 

7.  ,. 

The  lodes  of  the  Ems  and  Mahlberg  tracts  are  Quergdnge  or 
true  veins.  The  Lagcrgdnge  only  are  accompanied  by  the  "  white 
rock,"  while  it  is  perfectly  unknown  in  the  true  veins  as  well  as  in 
the  lodes  in  the  neighbourhood  of  Ems.  A.  v.  Groddeck  does  not 
offer  an  explanation  for  this,  but  believes  that  some  relation  exists 
^  A.  von  C4roddeck,  Jalirh.  fur  Miii.,  18S3,  ii.  "  Beilage  Band,"  p.  72. 
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between  the  formation  of  the  bedded   vein  and   tlie  metamorphic 
rocks  which  the  miners  call  "  white  rock." 

In  the  year  1881  the  Holzappel  mines  produced  2,119  tonnes 
of  lead  ore,^  and  have  continued  to  produce  Avitli  a  fair  degree  of 
uniformity;  thus  their  output  for  1888  was  1,966  tonnes  and  in 
1894  it  was  2,058  tonnes  of  galena.  In  addition  to  the  lead  ores 
they  have  also  produced  increasing  amounts  of  zinc  blende,  6,809 
tonnes  in  1888  and  9,376  tonnes  in  1894.  During  the  last-named 
year  prospecting  operations  were  carried  on  at  the  twelfth  level 
with  satisfactory  results. 

The  Bunter  Sandstone  of  Bleiberg  near  Commern,  in  the 
Eifel,  in  the  mining  district  of  Diiren,  contains  a  deposit  of  lead 
ores  which  has  long  held  one  of  the  most  prominent  jaositions 
among  the  lead  producers  of  the  world.'^  The  variegated,  sandstone 
of  this  district  may  be  divided  into  two  portions,  an  ujDper,  charac- 
terised by  finely  granular  red  sandstone  and  the  predominance  of 
clays,  and  a  lower,  consisting  of  coarsely  granular  sandstones  of  a 
bright  colour  and  of  thick  bands  of  conglomerate.  The  lower 
beds  of  the  lower  division  of  the  variegated  sandstone  contain  beds 
of  nodular  ore,  which  are  principally  worked  on  the  Bleiberg 
between  Call  and  Mechernich. 

Above  the  Devonian  beds  there  is,  first,  a  bed  of  red  clay 
containing  broken  fragments  of  red  grauwacke,  and  above  this  a 
mass  of  conglomerate,  from  two  to  twenty  feet  in  thickness,  which 
fills  up  all  the  inequalities  of  the  older  rock.  This  conglomerate 
forms  the  floor  of  the  Knottcnfldtz  or  lower  seam  of  nodules,  15 
feet  in  thickness.  Above  this  is  a  band  of  conglomerate,  which  is 
covered  by  the  upper  seam  of  ore  eighty  feet  in  thickness.  In 
some  places  other  bands  of  conglomerate  are  interposed  in  such  a 
way  that  four  seams  are  separated  from  one  another  by  beds 
of  varying  depths.  Many  dislocations  occur  in  these  rocks,  of 
which  the  Greisbach  main  fissure  is  the  most  important.  The 
nodular  sandstone  of  the  ore  seam  is  white,  dirty  white,  or  yellow, 
and  consists  of  crystalline  quartz  granules  slightly  cemented 
together.  The  quantity  of  cement  is  very  small,  and  the  rock  is 
easily  reduced  to  powder.  The  ore  is  associated  with  sandstones 
of  a  white  colour  ;  when  the  colour  changes,  the  ore  is  usually 
lost. 

The  lead  ore  at  Bleiberg  occurs  in  the  form  of  so-called  Knottcn 
or  nodules,  and  the  sandstone  to  which  they  belong  is  kno\vn  as 

^  ZtitHclir.  f.  Berg.  Hiltten.  u.  Salinen.  im  pretiss.  Staate. 
"  C.  Diesterweg,  Ibid.,  xiv.  1866,  p.  159. 
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KnotUnsanddein.     Carbonate  of  copper  is  loresent  in  small  quan- 
tities.    The  lead-ore   nodules   consist  principally  of   galena,  and 
more  rarely  of  cerussite.     They  are   spherical  concretions  which 
are  scattered  through   the  entire  mass  of  the  ore  bed.     Usually 
they  are  smaller  than   a  pea,  but  in  some   cases   they  attain  a 
diameter  of  one-third  of  an  inch,  while  on  the  other  hand  they 
sometimes  occur  as  very   fine    granules    only.     They    consist    of 
quartz  grains  cemented  together  wdth  lead   ore,  with  which  are 
associated  alumina,  lime,  and  oxide  of  iron.   When  galena  is  present, 
it  is  in  the  form  of  very  finely  divided  grains  deposited   between 
the  relatively  large  particles  of  sand,  and,  if  examined  by  the  aid  of 
a  lens,  a  crystalline  structure  is  observed.     This  is  of  importance 
as  tending  to  explain  the  origin  of  the  nodules.    When  the  cement- 
ing material  is  cerussite,    it    is    less    distinctly  crystallised  ;    in 
nodules  of  azurite  the  cementing  copper  ore  is  also  in  a  finely 
divided  state.     Nodules  of  copper  ore   are  most  frequent  at  the 
Gottessegen  Mine.     At  Berg  the   copper  ore  has  a  considerable 
extension,  but,  with  its  small  percentage  of  copper   and   the  com- 
paratively large  amounts  of  lime  and  clay  present  as  cement,  it  is 
poor  and  difficult  to  work.     The  globular  shape  of  the  nodules  is 
best  developed  when  galena  is  the  cementing  material ;  when  this 
consists  of  white  lead  or  copper  ore,  the  form  of  the  nodules  is 
extremely  irregular.     The  distribution  of  the  nodules  in  the  sand- 
stone   is   by  no  means  regular;   they  frequently  lie  close  to  one 
another,  and  in  such  cases  often  grow  together,  and  an  irregular  ore 
deposit  of  considerable  extent  is  the  result.  In  other  cases  the  nodules 
are  from  half  an  inch  to  several  inches  apart.     At  the  Bleiberg  the 
nodules  in  the  workable  parts  of  the  beds  constitute  from  4  to  10 
per  cent,  of  the  weight  of  the  entire  mass.     Lead  and  copper  ores 
are  rarely  found  in  actual  contact,  but  the  nodules  often  consist  of 
a   centre  of  galena  with  an  exterior  coating  of  white  lead ;  and 
sometimes  the  whole  of  the  lead  present  is  in  the  form  of  cerussite. 
The  formation  of  nodules  is    not   necessarily  connected  with  the 
presence  of  ore  ;  since  similar  concretions  frequently  occur  which  do 
not  contain  a  trace  of  ore,  and  are  known  as  tavM  Knotten.    In 
addition  to  the  ores  of  the  conglomerate  bed  and  of  the  Knott enfiotz, 
the  variegated  sandstone  of  the  Bleiberg  contains  several  iron-ore 
seams  which  are  worked  extensively,  and  which  belong  to  the  upjaer 
division  containing,  as  its  colour  indicates,  a  larger  proportion  of 
iron  oxide  than  the  lower  one.     Dr.  A.  Gurlt  is  of  ojiinion  that  the 
extension  of  the  deposit  and  the  equable  distribution  of  the  ores, 
indicates  that  they  and  the  sandstone  were  formed  at  the  same 
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time.^  The  view  is  now  more  generally  accepted  that  the  lead  ore 
is  an  imjDregnation  of  later  date  than  the  formation  of  the  bed 
itself.  Posepny  ^  holds  that  the  mineralising  lead  solutions  found 
their  way  into  the  bed  through  the  numerous  fault  fissures  that 
intersect  it. 

Galena  and  white  lead  ore  occur  in  Bunter  Sandstone  in  a 
similar  way  at  Saint  Avoid,  west  of  Saarbrlicken. 

The  most  important  mine  of  the  district  is  known  as  the 
Meinerzhagener  Bleiberg  Mine,  and  this  produces  now  jjractically 
the  whole  of  the  ore.  The  workings  are  however  on  a  very 
extensive  scale,  the  sandstone  being  got  both  by  open-works  and 
by  underground  mining.  The  entire  district  is  worked  by  a 
Company  with  a  share  capital  of  £320,000,  known  as  the  Mecher- 
nicher  Bergwerks-Actien-Verein,  which  has  just  published  its 
thirty-fifth  annual  report.  At  one  time  most  flourishing,  this 
Company  finds  its  present  position  far  from  satisfactory  owing 
to  the  low  prices  of  lead  and  silver,  and  its  annual  operations  show 
heavy  losses.  During  the  year  1895,  there  were  2,300  men 
employed,  and  321,881  cubic  metres  of  sandstone  in  the  solid 
were  excavated.  The  table  on  opposite  page,  taken  from  the  above- 
mentioned  report,^  shows  the  result  of  this  Company's  operations 
for  the  last  twenty-three  years. 

The  following  table  shows  the  amounts  of  lead  ore  produced  in 
the  entire  district  through  a  series  of  years  : — 

Year.                              18S1.  1885.  1890.  1894. 

Tonnes.  Tonnes.  Tonnes.  Tonnes. 

Westphalia    ....    8,663  10,618  10,262  12,901 

Hesse  and  Nassau    .21,188  16,091  12,055  11,261 

The  Rhine  provinces  65,951  55,761  60,083  55,249 

95,892  82,470  82,400  79,411 

It  will  be  seen  that  there  is  a  falling  off  in  production,  but  not 
a  very  important  one ;  owing  however,  to  the  fall  in  the  prices  of 
lead  and  silver,  the  value  of  the  output  has  greatly  diminished  as 
is  shown  by  the  annexed  table  of  values  in  1881  and  1894  : — 

Year.  18S1.  1894. 

£  & 

Westphalia 72,107 64,040 

Hesse  and  Nassau  .    .    .  101,582 53,519 

The  Rhine  provinces      .  395,305 253,398 

568,994  370,947 

1  Verhandl.  d.  naturh.  Vereiiis pren.ss  Bhein.  unci  West/.,  1861,  p.  60. 

2  F.  Posepny,  "The  Genesis  of  Ore  Deposits,"  Trans.  Amer.  Inst.  M.  E.,  1893, 
xxiii.  p.  313. 

3  Mechernicher  Bergwerks-Actien-Verein,  Jahresberichte  jjro  1895,   April    29, 
1896,  p.  7. 
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Production"  of  Lead  and  Silver  from  the  Knottexsandstein  for 
THE  Years  1873  to  1895. 


Lead  contents  of  the 

Smelting  ore      i 

Potter  ore 
produced. 

Year. 

sandstone  per  cubic 

produced  from     ! 

Lead. 

Sihvr. 

metre  of  solid  rock. 

the  sandstone. 

i 

Kilogr. 

Per  cent. 

Tonnes. 

Tonnes. 

Tonnes. 

Kiloirr. 

1873 

43-62 

1-71 

16,674 

1,512 

11.883 

2,832 

1874 

48-42 

1-90 

18,100 

1,401 

1-2.672 

3,143 

1875 

40  10 

1-57 

16,311         j 

1,500 

10.599 

2,390 

1876 

39-16 

1-59 

16,389        ! 

1,395 

10.911 

2.4-22 

1877 

42-04 

1-65 

24,142        j 

1,237 

15,762 

3.7111 

1878 

38-58 

1-51 

25,055 

1,124 

16,041 

2,139 

1879 

46-99 

1.84 

26.092        ' 

1.143 

16.692 

2,543 

1880 

45-02 

1-77 

28,792 

972 

20,275 

5,949 

1881 

57-59 

2-30 

33.862 

1,078 

22,409 

4.438 

1882 

72-55 

2-87 

38,535 

912 

25,055 

."i.lns 

1883 

72-39 

2-84 

36,524 

844 

25.582 

4,369 

1884 

71-86 

2-92 

33.131 

965 

•26,200 

5,-266 

1885 

71-36 

2-80 

33,760 

1,079 

23,481 

5,248 

1886 

70-22 

2-75 

30,868 

1,107 

1      22,809 

6.145 

1887 

69-94 

2-74 

33,890 

947 

23,199 

7.803 

1888 

68-03 

2-699 

34,576 

854 

'       23.845 

20,305 

1889 

59  03 

2-315 

1         35,655 

819 

25,200 

9.378 

1890 

60-24 

2-364 

i         36,246 

733 

i       24,088 

8,195 

1891 

53-72 

2-107 

1        31,895 

631 

1      21,550 

27,061 

1892 

57-30 

2-247 

32,124 

647 

22,010 

33.459 

1893 

60-75 

2-382 

34,777 

678 

20,232 

14.666 

1894 

51-70 

2-027 

t        29,099 

782 

16,(X»2 

6.450 

1895 

1 

47-28 

1-854 

1        28,208 

732 

19.263 

17,tJ0<J 

The  Eifel  limestones,  extendincr  from  Elberfeid  throuoh  Balve 
to  Brilon,  are  traversed  by  irregular  fissures,  which  occasionally 
widen  out  and  are  filled  with  calamine,  concretionary  blende, 
galena,  and  iron  pyrites,  the  latter  mineral  having  often  become 
converted  into  brown  iron  ore.  The  largest  amount  of  zinc  ore 
raised  in  the  Brilon  district  during  the  year  1881  was  produced  at 
the  United  Bastenberg  and  Dornberg  Mines,  which  yielded  6,037 
tonnes  of  zinc  ores,  and  3,352  tonnes  of  lead  ore.^  In  1888  the 
yield  was  still  3,740  tonnes  of  zinc,  and  5,125  tonnes  of  lead  ore; 
about  this  time  the  mines  were  seen  to  be  getting  gi'adually  poorer 
in  zinc,  which  was  being  replaced  by  lead  in  the  lower  levels,  and 
in  1889  these  mines  only  yielded  2,753  tonnes  of  zinc  and  4,089 
tonnes  of  lead  ore. 

Deposits  of  a  similar  character  occur  in  the  western  prolonga- 
tion of  the  Devonian  limestone  near  Altenbiihren,  Rosenbech,  and 
Bleiwasche,  where  the  deposits,  chiefly  composed  of  smithsonite 
with  a  little  galena,  are  only  of  commercial  importance  when 
enclosed  in  Devonian  limestone. 


^  Zeitschr.  f.  B>i.r(j.  Hiltt.  Saliiienw. 
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Very  similar  deposits  are  found  in  the  magnesian  limestone  of 
the  same  age  at  Gladbach,  ten  miles  east  of  Cologne,  where  an 
irregular  bed  of  lignite  is  found  almost  immediately  above  the 
magnesian  limestone,  the  surface  of  which  is  extremely  irregular, 
containing  hollows  in  which  occur  the  ores  of  zinc.  These  consist 
of  calamine,  with  a  little  galena,  enclosed  in  clay  ;  and  similar 
deposits  of  detached  fragments  of  zinc  and  lead  ores  are  not  of 
unfrequent  occurrence  in  the  clay  of  the  lignite  formation  at  a  con- 
siderable height  above  the  hornstoue.  Yon  Hueue  observes  with 
regard  to  this  deposit  that,  up  to  the  date  of  his  writing  (1852),  no 
particles  of  blende  which  had  withstood  alteration  have  ever  been 
found  in  it.^  At  the  Frlihling  Mine,  near  Altenbrlick,  two  miles 
east  of  Bensberg,  on  the  contrary,  the  blende  has  only  been  com- 
pletely changed  into  calamine  at  the  outcrops  of  the  deposits,  while 
at  greater  depths  unaltered  blende  is  found  enclosed  in  the  larger 
masses  of  calamine.  The  mode  of  occurrence  of  the  zinc  ores  at 
Gladbach  and  at  various  other  localities  in  the  same  neighboui'hood, 
would  appear  to  indicate  that  they  are  no  longer  in  their  original 
position,  but  that  they  were  carried  into  the  basin-like  depressions 
which  they  now  occupy  by  the  mechanical  action  of  the  water  by 
which  the  clays  of  the  lignite  formation  were  deposited.  The  outlines 
of  these  fragments  are  usually  rough  and  sharply  defined,  and  it  there- 
fore appears  improbable  that  they  have  been  transported  from  any 
considerable  distance.  It  is  consequently  quite  possible  that  they 
may  have  been  derived  from  the  outcrops  of  lodes  containing  blende 
and  galena  of  a  similar  character  to  those  now  worked  in  the 
neighbourhoods  of  Bensberg  and  Altenbriick. 

It  is  to  be  remarked  that  the  calamine  deposits  on  the  left 
bank  of  the  Rhine  are  associated,  principally,  with  Carbonifei'ous 
limestones,  while  those  on  the  right  bank  of  that  river  for  the  most 
part  occur  in  rocks  of  Devonian  age. 

The  largest  quantity  of  zinc  ore  produced  in  the  Dliren  district 
in  1881  was  obtained  from  the  Altenberg  Mine,^  belonging  to  the 
Vieille-Montagne  Company,  which  yielded  17,464  tonnes  of  zinc 
ores,  against  13,135  tonnes  during  the  previous  year.  This  is  the 
most  productive  of  several  mines  owned  by  the  above  Company  in 
this  neighbourhood,  and  its  output  forms  the  bulk  of  that  of  the 
district. 

In  the  Dliren  district  four  mines  were  working  during  the  year 
1881,  and  together  produced  17,121  tonnes  of  blende  and   8,560 

^  Zeitsch.  d.  deutsch. 'geolog.  Gesellsch.,  1852,  p.  575. 

^  Zeitsch?:  f.  Berg.  Hiltt.  u.  Salinenw.,  xxx.  1882,  p.  175. 
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tonues  of  calamine,  of  the  total  value  of  £22,548.  The  total  outj)ut 
of  the  district  in  1894  was  14,035  tonnes  of  blende,  and  6,275 
tonnes  of  calamine,  worth  together  £39,640. 

The  Rhine  provinces  produced  in  1894  over  ten  times  as  much 
blende  as  they  did  calamine,  the  proportion  of  the  former  to  the 
latterjincreasing  gradually  as  the  mines  are  worked  at  deej^er  levels. 

The  copper  deposit  of  the  Friedrich-Wilhelm  Mine  at  Berg,  near 
Commern,  is,  like  the  lead  ores  of  the  immediate  neighbourhood, 
situated  in  Banter  Sandstone.  The  bed  containing  the  copper  ore 
strikes  from  north-west  to  south-east,  dips  towards  the  north-east, 
and  has  an  average  thickness  of  about  nine  feet.  This  bed,  like 
the  lead  ore  deposits  at  Bleiberg,  contains  the  ore  for  the  most 
part  in  the  form  of  small  nodules.  Galena  occurs  subordinately, 
and  copper  and  iron  pyrites  are  found  in  pockets  associated  with 
heavy  spar.  The  coj^per  ore  nodules  consist  principally  of 
malachite  and  azurite,  copper  glance,  chrysocolla,  and  cuprite. 
The  sand  in  which  the  nodules  are  enclosed  consists  of  quartz 
fragments  united  by  a  cement  containing  carbonate  of  lime. 
This  sandstone  is  more  or  less  ferruginous,  and  chrysocolla, 
brown  iron  ore,  oxide  of  manganese,  and  calcite  occur  in  its 
fissures.^ 

The  amount  of  copper  which  has  been  furnished  by  this  mine 
is  apparently  small.  In  the  year  1853  it  yielded  25  tonnes  of  ore 
containing  from  6|  to  9  per  cent,  of  copper,  and  1,508  tonnes  in 
which  the  percentage  of  that  metal  varied  from  li  to  2  J.  Its 
most  productive  year  was  1856,  when  the  output  was  3,179  tonnes 
containing  from  0*75  to  3  per  cent,  of  copper.  During  the  two 
following  year  the  workings  were  suspended,  but  in  1859  the  yield 
amounted  to  192  tonnes  of  ore  containing  from  1  to  2  per  cent,  of 
copper;  in  1860  the  yield  was  139  tonnes  of  14  per  cent,  ore,  and 
in  1861  the  mine  was  abandoned  on  account  of  the  large  percentage 
of  lime  present  in  the  ores. 

The  Devonian  strata  in  the  neighbourhood  of  Dillenburg,-  which 
are  traversed  by  dykes  of  diabase  as  well  as  penetrated  by  pyritous 
serpentine,  consist  partly  of  Schalstein^-^  and  enclose  numerous 
copper  lodes.  These  veins  vary  in  their  strike  from  north  and  south 
to  east-south-east  and  west-north-west,  and  have  usually  a  consider- 
able  dip.     The  veinstone  is  principally  quartz,  clay,  brown  spar, 

1  W.  .Jung.  Btvfj.  H.  Hiittenm.  ZeituiKj,  1862,  p.  229. 
-  Stifft.  Geogn.  Beschr.  d.  Her-zoijth.  Nasmii,  LS.Sl,  p.  486. 
^  Srhalsfein  is  a  consolidated  ash  bed,  probably  resulting  from  the  eruptions  to 
which  the  diabase  owes  its  origin. 
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heavy  spar,  aud  calcite.  The  ore  is  chiefly  copper  pyrites,  but 
copper  glance,  cuprite,  malacliite,  azurite,  and  chrysocolla  are 
sometimes  also  present. 

The  influence  exercised  by  the  country  rock  upon  the  contents 
of  the  veins  is  very  apparent.  In  diabase  the  ores  are  lich  in 
copper  but  are  not  very  abundant,  quartz  is  the  prevailing  vein- 
stone, and  clay  selvages  are  entirely  wanting.  On  the  other  hand, 
in  Schalstein  the  lodes  have  distinct  selvas'es,  the'  veinstone  is 
mainly  composed  of  calc  spar,  brown  spar,  and  heavy  spar,  and  the 
ores,  although  perhaps  more  abundant,  are  not  usually  so  rich.  The 
rock  in  which  the  veins  are  on  the  whole  most  productive  is  a 
decomposed  Schalstein  much  stained  by  hydrated  ferric  oxide,  and 
which,  in  the  immediate  vicinity  of  the  lodes,  is  often  more  or  less 
impregnated  with  copper  ores.  In  the  sandstones  and  Cypridina 
slate  the  lodes  usually  contain  but  little  ore,  and  the  quartz,  which 
under  such  circumstances  is  the  prevailing  veinstone,  often  merges 
gradually  into  the  country  rock,  so  that  the  veins  are  without 
sharply  defined  walls. 

Sandberger^  has  determined  the  presence  of  copper  in  the 
augite  in  both  the  diabases  and  basalts  of  this  district,  which  may 
probably  explain  the  origin  of  the  copper  contained  in  the  veins. 
Both  galena  and  blende  are  sometimes  associated  with  copj)er 
pyrites  in  calc  spar,  filling  fissures  in  the  Nassau  diabase,  as  well  as 
in  the  copper  veins  themselves,  but  they  usually  occur  in  very 
small  quantities  only,  either  alone  or  associated  with  arsenical 
fahlerz.  Where  in  depth  the  diabase  becomes  compact,  the  veins 
are  usually  without  ore,  and  are  represented  by  fissures  principally 
filled  with  clay.  Senfter  has  found  lead,  zinc  and  arsenic  in  the 
diabases  of  this  region,  and  it  is  consequently  not  improbable  that 
under  favourable  circumstances  these  metals  may  become  concen- 
trated in  the  form  of  ores. 

A  group  of  veins  extending  from  Rossbach  to  Roth  yields 
tetrahedrite  containing  silver  and  sometimes  a  little  mercury, 
while  cinnabar  occurs  in  the  co^jper  lode  at  the  Neuermuth  Mine 
at  Nanzenbach,  and  traces  of  the  same  mineral  are  found  in 
the  haematite  which  generally  occurs  in  the  Schalstein  of  the 
district. 

A  considerable  number  of  veins  very  closely  resembling  one 
another  in  other  respects,  but  differing  considerably  in  their  strike, 
have  been  opened  up  by  the  workings  at  the  Hlilfe-Gottes  Mine 
at  Nanzenbach.     Some  of  these  lodes  have  contained  a  sufficient 

1  F.  Sandberger,  Berrj.  mid  HiUtenm.  Zeitung.,  1877,  p.  39U. 
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amount  of  nickel  to  admit  of  its  being  extracted  with  advantage.^ 
The  nickehferous  ores  contain  on  an  average  from  12  to  15  j)er 
cent,  of  copper  and  about  3  per  cent,  of  nickel.  Arsenic  and 
cobalt  are  not  usually  present,  but  sometimes  occur  at  the 
intersection  of  the  lodes  by  cross-veins. 

Ores  of  antimony  sometimes  occur  in  the  Devonian  rocks  of 

Rhenish  Prussia  between  Wintrop  and  Uentrop,  four  miles  from 

Ai-nsberg,  where  a  bituminous  limestone,  from   six   to   eighteen 

inches  in  thickness,  alternates  with  clay  slates  and  siliceous  shales. 

All  of  these    strata,  which    are    overlain   by  Millstone    Grit,   are 

occasionally  penetrated  by  stibnite,  which  is  usually  most  plentiful 

tow^ards  the  middle  of  the  various  beds,  and  gradually  becomes  less 

so  near  their  planes  of  separation.-     The  more  massive  portions 

of  the  stibnite  sometimes  include  fragments  of  the  enclosing  rock, 

and  the  ore  not  unfrequently  penetrates  into  cracks  and  fissures. 

Cervantite,  antimony  ochre,  is  found  as  a  product  of  alteration  near 

the  surface,  and  the  rock  sometimes  contains  a  little  iron  pyrites, 

blende,  calcite,  and  fluor  spar.     As   early  as  the   year  1833   the 

Caspari  Mine  had  opened  up  eleven  of  these  metalliferous  strata, 

near  which,  but  without  any  apparent  connection  with  them,  are 

veins  of  heavy  spar  containing  copper  pyrites  and  ores  of  bismuth. 

At  the   Hoffnung  antimony  mine,  near  Brlick  on  the  Ahr,  the 

Devonian  slates  strike  nearly  north  and  south  with  a  dip  of  about 

45°  tow^ards  the  west.     The  ores  of  antimony  occur  over  a  band 

which  is  sometimes  as  much  as  120  feet  in  width,  and  which  in 

1827  had  been  opened  upon,  in  the  direction  of  the  strike  of  .the 

strata,  for  a  distance  of  about  560  feet.     The  stibnite,  which  is 

associated  with  iron  pyrites  and  brown  spar,  is  found  partly  in  true 

veins   and   partly   between    the    planes    of    stratification,   or   in 

cleavage  fissures. 

Iron  ores  occur  in  the  Devonian  rocks  of  the  Duchy  of  Nassau 
in  the  form  of  beds,  lodes,  bedded  and  contact  deposits,  and 
surface  deposits.^  In  the  neighbourhood  of  Dillenburg  and 
Wetzlar,  numerous  beds  of  hasmatite  occur  associated  with 
Bchalstein,  and,  according  to  Sandberger,  these  deposits,  which  are 
frequently  very  irregular,  invariably  occur  in  connection  with 
either  diabase  or  Sclialstein,  being    sometimes  bounded  by  either 

1  V.  Koenen,  Zeitschr.  d.  d.  geol.  GeseNsch.,  1863,  xv.  p.  14. 

-  Buff,  Kar.^teii's  Arch.  vi.  1827,  p.  54,  and  1833,  vi.  p.  439.  B.  v.  Cotta, 
Die  Lehre  von  den  Erzlagerstdtten,  ii.  p.  154. 

3  F.  Sandberger,  Uebers.  der  geol.  Vtrh.  v.  Xasmu,  1847,  p.  27.  H.  Bauerman, 
Mttcdlurgy  of  Iron,  London,  1882,  p.  8lJ.  A.  Noggerath,  Zeitschr.  f.  Berg.  HiUf. 
u.  Salinenw.  xi.  1863,  pp.  63-94. 
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of  tliese  rocks  on  one  side  and  on  the  other  by  Cypridina  slates. 
They  contain  numerous  fossils,  and  are  worked  in  five  to  six 
hundred  small  mines  in  the  Duchy  of  Nassau  alone.  Stifft  says 
of  these  deposits  that  they  are  distinguished  as  Fluss-lager  when 
containing  calc  spar,  and  as  hieseligc  Lager  when  quartz  is 
present  in  notable  proportion.  The  first  often  lie  entirely  in 
Schcdstein ;  while  diabase  in  many  cases  forms  the  hanging  wall 
but  never  the  foot  wall.  The  siliceous  beds  are  found  entirely  in 
diabase.  In  addition  to  haematite,  limonite  also  occurs  in  this 
district,  but  generally  in  association  with  limestone. 

A  short  distance  north  of  Stockhausen,  on  the  Lahn,  a  bed  of 
iron  ore  occurs  in  Schcdstein,  near  its  point  of  contact  with 
labradorite-porphyry  ;  and  south  of  Brilon,  in  Westphalia,  a  chain 
of  porphyritic  domes  occurs  in  the  Upper  Devonian  series,  which 
are  accompanied  by  lenticular  deposits  of  haematite  at  their 
junction  with  the  stratified  rocks.  Lodes  of  spathic  iron  ore, 
partially  altered  into  limonite,  frequently  occur  in  this  part  of 
Germany,  and  often  contain  a  greater  or  less  amount  of  copper 
or  lead  ores,  thus  gradually  passing  into  lodes  of  these  metals 
Avith  a  veinstone  composed  of  more  or  less  altered  siderite. 

Large  quantities  of  spathic  iron  ores  occur  in  the  Devonian 
rocks  of  the  Siegen  district,  the  most  important  deposit  being  that 
of  Stahlberg  near  Mllsen,  where  a  nearly  vertical  wedge-shaped 
vein,  enclosed  in  clay  slate,  has  been  worked  since  the  year  1318. 
The  greatest  thickness  of  this  mass  is  about  seventy-five  feet,  its 
horizontal  extension  about  160  yards,  and  its  depth,  which  has 
been  proved  by  twelve  working  levels  driven  into  the  hill  side, 
260  yards.  The  entire  mountain  belongs  to  the  so-called  Coblenz 
beds  of  the  Lower  Devonian  formation  which  predominates 
throughout  the  Siegen  district.  Clay  slate  is  the  prevailing  rock, 
the  most  usual  variety  being  grayish  with  an  imperfect  cleavage, 
but  lustrous  bluish-gray  slates  with  a  typical  slaty  structure  are 
also  met  with,  as  are  likewise  brownish-red  slates  called  Fndis  by 
the  miners.  The  last  two  varieties  exercise  an  impoverishing 
influence  upon  the  lode,  and  beds  of  hard  grauwacke  are  frequently 
interstratified  with  the  slates.  The  strike  of  the  strata  is  north- 
east and  south-west,  with  a  dij^  of  about  4.5°  towards  the  south- 
east. The  vein  traverses  the  bedding  with  a  dip  of  from  80°  to  85° 
towards  the  south-east  and  maintains  its  maximum  width  for  a 
distance  of  60  yards.  Well-defined  selvages  are  but  rarely  met 
with,  and  the  country  rock,  which  is  principally  clay  slate,  is 
almost   always   traversed    for    several   yards    from    the    lode    by 
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numerous  strings  of  spathic  iron  ore.  On  the  north,  hard  bands  of 
grauwacke  occur  with  beds  resembling  roofing  slate  ;  and,  when 
these  constitute  the  country  rock,  they  cause  the  almost  entire 
disappearance  of  iron  ore.  The  lode  splits  into  three  leaders, 
varying  from  six  to  thirty-six  feet  in  width,  "which,  together  with 
the  interpolated  wedge-shaped  masses  of  country  rock,  attain  a 
united  thickness  of  180  feet,  proceed  for  a  distance  of  120  yards 
in  the  direction  of  the  strike,  and  then  continue  as  insignificant 
strings  of  quartz.  The  lode  consists  almost  exclusively  of  spathic 
iron  ore  of  a  yellowish- white  colour,  containing  about  1 1  per  cent, 
of  manganous  oxide,  and  which  rarely  changes  into  brown  iron  ore. 
In  drusy  cavities  in  this  lode  rhombohedral  crystals  of  sjDathic  iron 
ore,  one  and  a  half  inches  in  diameter,  are  sometimes  met  with. 
These  crystals  have  curved  faces,  and  are  always  accompanied  by 
crystals  of  quartz.  Other  ores,  such  as  iron  pyrites,  copper  pyrites, 
fahlerz,  and  galena,  are  met  with  at  several  points  in  the  lode,  and 
are  comparatively  abundant  in  the  adjoining  mine  of  Schwaben- 
grube.  The  production  of  Stahlberg  in  one  year  never  exceeded 
36,210  tonnes,  and  in  1881  the  yield  amounted  to  only  2,6.57 
tonnes  of  iron  ore.^  In  1894  the  Miisen  district  only  produced 
2,184  tonnes  of  iron  ore.  The  Siegen  district  was  however  a  large 
producer  with  an  output  of  760,000  tonnes ;  the  most  important 
mines,  those  of  Storch  and  Schoneberg,  produced  237,900  tonnes  of 
spathic  ore. 

The  Carboniferous  formation  of  the  Ruhr  district  in  "West- 
phalia,- as  at  Essen,  Bochum,  Horde,  and  various  other  localities, 
contains  parallel  deposits  of  ironstone  closely  resembling  the 
blackband  of  the  Scottish  coal-fields.  In  addition  to  beds  of 
compact  ironstone,  a  nodular  concretionary  variety  is  of  fi'equent 
occurrence  in  the  shales  of  this  formation.  The  ironstone  deposits 
of  the  Cai'boniferous  formation  in  the  neighbourhood  of  Saar- 
briicken  are  usually  more  productive  than  those  of  the  Ruhr,  and 
for  the  most  part  consist  of  lenticular  concretions  of  sphoerosiderite  ; 
this  mineral  also  occurs  in  the  lignite  near  Bonn. 

Some  valuable  bedded  manganese  deposits  have  been  opened 
recently  in  the  Bonn  district ;  their  output  was  not  important 
before  188.5,  in  which  year,  however,  they  were  largely  developed, 
and  from  that  date  onward  formed  the  chief  source  of  manganese 
for  the  whole  of  Prussia;  thus  in  1887  out  of  a  total  of  36,534 

1  ZtiUrhr.  f.  Bery.    Hutt.  u.  Salintnic,  xi.  1863,    p.   93.      Ibid.    xxx.    1882, 
p.  164.      Ibid,  xliii.  1895,  p.  13.3. 

-  B.  V.  Cotta,  Die  Lehre  von  den  Erzlayerstdtten,  2nd  edit.  ii.  p.  120. 
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tonnes  of  manganese  ore  valued  at  £47,590,  the  Bonn  district 
produced  86,516  tonnes.  The  chief  mines  are  in  the  neighbourhood 
of  Weilburg;  of  these  Gilsahaag  produced  12,967  tonnes,  and 
Altengrimberg  10,491  tonnes  in  the  same  year.  The  district 
produced  43,982  tonnes  in  1889,  but  the  output  fell  slightly,  to 
3:?,096  tonnes,  in  1893. 

Another  mineral  product  that  has  risen  to  great  importance 
is  iron  pyrites,  the  chief  deposits  of  which  are  near  Meggen  on 
the  river  Lenne.^  This  district,  which  has  produced  over  three- 
fourths  of  the  pyrites  of  Germany,  was  first  oi:)ened  up  in  1853  for 
pyrites  mining,  although  the  oxidised  ore  of  the  outcrop  had  long 
been  mined  as  brown  haematite  for  use  as  an  iron  ore.  When  the 
dejDOsits  were  found  to  change  into  pyrites  in  depth,  they  were 
abandoned  and  were  only  re-opened  when  a  demand  sprang  up  for 
pyrites,  as  a  source  of  suljahur.  The  ore  seems  to  occur  in  the 
form  of  bedded  veins  some  10  feet  in  thickness,  accompanied  by 
barytes  and  intercalated  between  Upper  Devonian  shales.  The 
maximum  output  M^as  reached  in  1872  with  143,476  tonnes  ;  from 
this  figure  it  fell  in  1878  to  59,920  tonnes,  rose  again  in  1882  to 
111,159  tonnes,  and  in  1886  was  81,285  tonnes.  In  the  latter  year 
the  output  of  pyrites  in  Prussia  was  104,374  tonnes  and  in 
Germany  113,655  tonnes.  Most  of  the  mines  are  controlled  by 
two  companies,  Silicia  and  Siegena,  which  amalgamated  some  years 
ago  ;  their  joint  production  in  1894  was  115,781  tonnes,  that  of 
the  whole  of  Prussia  being  123,149  tonnes,  valued  at  £43,119. 

The  Black  Forest."^ — The  Black  Forest,  which  rises  to  an 
average  heio^ht  of  about  3,000  feet  above  the  sea  level,  consists 
chiefly  of  granite  and  gneiss,  which  occasionally  alternate  with  and 
pass  into  one  another.  These  are  sometimes  traversed  by  various 
eruptive  rocks,  such  as  porphyries,  diabases,  and  serpentines.  A 
small  area  of  clay  slate,  probably  of  Silurian  age,  appears  to  merge 
gradually  into  the  gneiss  near  Todteuau,  and  there  are  some 
remains  of  Carboniferous  strata  near  Schramberg  and  Offenburg, 
in  which  are  found  seams  of  anthracite.  The  New  Red  Sandstone 
is  extensively  developed  in  the  neighbourhood  of  Baden-Baden, 
where  it  reposes  immediately  upon  crystalline  rocks.  In  the 
southern  portion  of  the  region  Bunter  Sandstone  sometimes  occurs 
on  the  granitic  heights  of  the  Black  Forest,  and  often  covers  them 

^  M.  Braubach,  Zeitschf.  Berg.  Hiitf.  u.  Salinenwesen,  1888,  xxxvi.  p.  225. 

2  Braun,  Ann.  des  Mines, -s.\ii.  1843,  p.  115.  Selb.  LeonharcVs  Tasrhenbnrh, 
1815,  p.  320.  B.  V.  Cotta,  Die  Lehre  von  den  Erzlageratcitten,  2nd  ed.  ii.  p.  171. 
F.  Sandberger,  Untersudmngen  ilher  E)-zgdnge,  1882,  Part  1,  p.  40. 
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in  the  form  of  isoJatecl  caps.  Od  the  western  declivity  of  the 
mountains,  which  descend  rapidly  towards  the  valley  of  the  Khine, 
is  a  succession  of  sedimentary  rocks  tilted  into  a  nearly  vertical 
position. 

Veins  containing  ores  of  silver,  lead,  copper,  nickel,  cobalt 
and  antimony,  associated  with  heavy  spar,  fluor  spar,  calcite  and 
quartz,  are  not  of  unfrequent  occurrence  ;  the  majority  of  them 
are,  however,  too  poor  to  admit  of  their  being  advantageously 
worked,  and  only  at  long  intervals  contain  rich  pockets  of  mineral. 
The  lodes  in  this  region  are  said  to  owe  their  origin  to  eruptive 
rocks,  and  especially  to  porphyries,  which  they  always  intersect 
whenever  they  come  in  contact  with  them.  The  galena  found  in 
these  lodes  is  said  to  become  gradually  poorer  in  silver  in 
proportion  as  the  rocks  traversed  by  the  lodes  are  of  more  recent 
age.  Important  deposits  of  pea  iron  ore  are  found  in  various 
localities,  and  particularly  in  the  neighbourhood  of  Kandern  ;  there 
are  also  veins  of  limonite,  which  sometimes  contain  ores  of  man- 
ganese. Gold  is  found  in  the  alluvium  of  the  Rhine ;  and 
deposits  of  calamine  occur  at  Wiesloch,  in  Baden. 

The  Kinzig  Valley  is  chiefly  composed  of  granite  and  gneiss, 
which,  on  the  tops  of  the  highest  hills,  are  sometimes  overlain  by 
Bunter  Sandstone.  In  this  valley  the  crystalline  rocks  are  fre- 
quently traversed  by  veins  containing  ores  of  silver,  lead,  copper, 
nickel  and  cobalt,  associated  with  heavy  spar,  calcite,  brown  spar 
and  quartz.  These  minerals  occur  so  intermixed  with  one 
another  that  the  lodes  cannot  be  classified  into  distinct  groups  in 
accordance  with  the  metals  which  they  yield,  and  in  some  cases 
all  the  various  ores  above  enumerated  are  found  in  the  same 
vein.  Notwithstanding^  the  large  number  of  veins  in  this  district 
it  has  never  been  a  continuously  prosperous  mining  region,  as 
the  rich  ores  only  occur  in  patches  of  limited  extent  at  great 
distances  apart. 

The  Wenzel  Mine,  in  the  Wolfach  district,  is  said  to  have 
yielded  large  profits  during  the  early  part  of  the  last  century,  and 
the  Alter  St.  Joseph  Mine,  near  Wittich,  was,  at  about  the  same 
period,  worked  for  native  silver,  argentite,  and  smaltite.  The  rare 
mineral,  wittichenite,  cupriferous  sulphide  of  bismuth,  also 
occurred  in  this  mine.  The  Sophie  Mine,  in  the  same  neighbour- 
hood, was  also  at  one  period  very  celebrated,  producing  native 
silver,  argentite,  pyargyrite,  native  bismuth,  bismuthite,  I'ealgar, 
and  copper  nickel.  Other  similar  lodes  are  known  in  the  district, 
some   of  which  have  yielded  ores   of  copper.     Braun   states  that 
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these  lodes  penetrate  tlie  Buuter  Sandstoue,  and  mentions  one  at 
the  Giite-Gottes  Mine  which  has  granite  as  its  foot  wall  and 
sandstone  as  its  hanging  wall.  Among  the  other  veins  of  the 
Kinzig  Valley  is  the  Friedrich-Christian,  near  Schapbach,  (p.  102), 
which  produces  galena,  schapbachite  or  bismuth  silver,  and 
copper  pyrites.  Native  silver,  native  copper,  cuprite,  and  chalco- 
cite  occur  at  the  Leopold  Mine  in  a  matrix  of  quartz  and  heavy 
spar.  Similar  lodes,  although  containing  less  ore,  occur  in  various 
formations  overlying  the  graiiite  and  gneiss,  namely,  in  clay 
.slates,  Carboniferous  sandstones,  Bunter  sandstones,  and  Muschcl- 
kctlk,  and  they  even  extend  into  rocks  of  Jurassic  age,  in  which 
heavy  spar  is  the  only  veinstone. 

In  the  southern  jDortiou  of  the  Black  Forest  granite  and  gneiss 
again  predominate,  but  they  are  here  associated  with  rocks  of 
Silurian  age,  which  gradually  pass  into  gneiss,  while  remains  of  the 
Bunter  Sandstone  are  sometimes  found  upon  the  higher  ground. 
The  veins  in  the  neisfhbourhood  of  Sulzburg,  like  those  in  the 
Kinzig  Valley,  yield  ores  of  many  different  metals,  but  the 
most  remarkable  mine  of  this  region  is  probably  the  Haus 
Baden  and  Carl,  near  Badenweiler.  The  lode  in  this  place  is 
sometimes  as  much  as  twelve  feet  in  width,  and  may  be  regarded 
as  a  contact  deposit  between  granite  and  Bunter  Sandstone,  but 
it  is  separated  from  the  granite  by  a  mass  of  porphyry  some  forty- 
five  feet  in  thickness,  which  itself  contains  galena,  heavy  spar  and 
fluor  spar.  The  veinstone  is  composed  of  heavy  spar,  fluor  spar, 
and  quartz,  containing  argentiferous  galena,  copper  pyrites,  and 
chalcocite,  which  near  the  surface  have  frequently  become  trans- 
formed into  various  secondary  minerals. 

The  lodes  of  the  Miinster  Valley  closely  resemble  those  in  the 
neighbourhood  of  Sulzburg,  while  similar  veins  occur  in  the  Hofs- 
grund,  on  the  Erzkasten,  and  in  the  neighbourhood  of  Todtenau. 

In  the  middle  ages  gold  washing  was  actively  carried  on  in 
the  Rhine  Valley  between  Mannheim  and  Basle,  and  v.  Cotta 
states  that,  in  1859,  400  persons  were  occasionally  employed  in 
gold  washing  in  the  Grand  Duchy  of  Baden.  The  gold  is  found 
among  the  sands  and  pebbles  on  the  banks  of  the  Rhine, 
associated  chiefly  with  ilmenite  and  rose-coloured  quartz,  in  scales 
never  exceding  a  millimetre  in  diameter.  The  entire  bed  of  the 
river  is  auriferous,  but  it  is  in  certain  localities  only  that  the 
sands  will  repay  the  expenses  of  working.  The  gold-washings 
commence  below  Basle,  in  the  neighbourhood  of  Istein  and  Alt- 
Breisach,  but  the  most  productive  localities  are  between  Kehl  and 
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Dachslanden,  especially  oiDposite  the  village  of  Helmlingen  ;  there 
are  also  a  few  washings  below  Philipjasburg,  but  their  yield  is 
exceedingly  small,  so  that  they  have  been  abandoned  for  a  consider- 
able time. 

Calamine  occurs  in  the  Muschelkalk,  but  this  deposit  differs 
materially  from  those  of  Upper  Silesia,  which  occur  in  the  same 
formation.  According  to  official  documents,  mines  of  argentiferous 
galena  were  worked  in  the  range  of  hills  between  Nussloch  and 
Wiesloch  as  early  as  the  eleventh  century,  but  mining  for  calamine 
was  not  commenced  until  the  year  1851.  The  rock  is  intersected 
by  vertical  fissures,  in  which  carbonate  of  zinc  without  any  admix- 
ture of  silicate  occurs,  accompanied  by  brown  iron  ore  and  galena. 
When  the  encrinital  beds  rest  upon  the  compact  limestone  the 
fissures  often  widen  out  and  contain  very  rich  ore.  The  presence 
of  numerous  fossils  converted  into  calamine  indicates  that  the  for- 
mation of  the  ore,  is  the  result  of  the  alteration  of  limestone  into 
calamine. 

Extensive  deposits  of  pisolitic  iron  ore  are  found  in  the  Jurassic 
formation  in  the  vicinity  of  Kandern,  Stockach.  Mohringen,  and 
Jestetten,  as  well  as  more  to  the  north  in  the  Baier  Valley. 
The  longest  worked  and  most  important  of  these  mining  districts 
is  that  of  Kandern,  where  the  iron  ore  forms  part  of  a  sandy 
deposit  varying  from  one  to  one  hundred  feet  in  thickness,  and 
which,  for  the  most  part,  overlies  rocks  of  Jurassic  age.  This 
deposit,  which  is  known  as  the  Brzgehirge,  in  some  places  comes 
to  the  surface,  or  is  covered  by  alluvial  detritus,  but  is  more  fre- 
quently overlain  b}^  a  Tertiary  limestone  conglomerate  locally 
known  as  Steingang.  In  1865  about  eight  mines  were  working  in 
the  district  around  Kandern  and  Kleingau,  and  iron  mines  are  said 
to  have  been  in  operation  in  this  part  of  Germany  for  more  than 
ten  centuries. 

Immediately  below  the  vegetable  soil  at  Mosskirch  is  a  layer 
of  some  inches  of  sand,  beneath  which  are  several  inches  of  pisolitic 
iron  ore  mixed  with  pebbles,  sand,  and  sharks'  teeth.  Below  this 
is  another  layer  of  sand,  covering  the  chief  deposit  of  iron  ore,  3-|- 
feet  in  thickness,  containing  boulders  associated  with  shells,  sharks' 
teeth,  and  Oolitic  and  Tertiary  fossils.  The  whole  is  firmly 
cemented  together  by  hydrated  ferric  oxide,  while  the  boulders, 
which  are  principally  quartz,  frequently  contain  white  mica. 
Flinty  concretions  are  sometimes  met  with,  and  angular  or  rounded 
fragments  of  Tertiary  sandstones  are  by  no  means  of  unfrequent 
occurrence. 
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The  miners  distinguish  two  kinds  of  ore  ;  namely,  Bcincrz,  pure 
ore,  and  Bohncrz,  pisolitic  ore.  The  first  of  these  is  a  lamellar, 
compact,  or  fibrous  ironstone  occurring  either  in  patches,  or  in 
nodular  concretions  which  sometimes,  although  rarely,  attain  a 
diameter  of  two  feet.  They  are  covered  by  a  yellowish  or  brownish- 
red  incrustation,  and  when  broken  are  found  to  be  composed  of 
concentric  layers,  or  to  be  fibrous,  compact,  or  even  porous.  Their 
interior  is  generally  hollow,  or  is  occupied  by  a  kernel  of  clay  or 
sand.  When  hollow  the  surfaces  of  the  cavities  are  often  lined  by 
incrustations  of  haematite,  by  fibrous  limonite,  or  by  crystals  of 
brown  spar,  siDathic  iron  ore,  or  calcite ;  even  Jurassic  fossils  are 
occasionally  found  enclosed  in  the  nodules  of  clay  ironstone.  The 
Bohncrz,  like  the  Beinerz,  forms  continuous  nests  or  beds,  but  the 
two  sometimes  occur  together  in  the  same  deposit.  The  larger 
nodules  of  Bohnerz  vary  in  size  from  a  pea  to  a  walnut,  and  are 
always  formed  of  concentric  layers  more  or  less  firmly  cemented 
together.  Jasper  likewise  occurs  with  both  varietes  of  ore,  and  is 
always  gray  when  associated  with  Bcincrz,  but  may  be  either  gray 
or  red  when  found  with  Bohnerz. 

B.  V.  Cotta  says,  with  regard  to  these  deposits,  that  the  sejoarate 
members  of  the  two  varieties  of  ore,  including  the  jasper,  evidently 
belong  to  the  Jurassic  period,  but  were  deposited  in  their  present 
position  during  Tertiary  times,  as  is  shown  by  the  sharks'  teeth, 
bones,  and  fragments  of  Molasse  sandstone  which  accompany  them. 
He  further  remarks  that  the  nodules  of  ore  and  jasper  cannot  be 
ordinary  pebbles  as,  if  so,  their  external  form  would  not  so  exactly 
correspond  with  their  internal  structure. 

The  Palatinate. — Ores  of  mercury  occur  in  the  eastern  portion 
of  the  Saarbriicken  Coal-basin  in  lodes,  as  impregnations  in  slates, 
sandstones,  and  ironstones,  and  as  conglomerates  of  Lower  Permian 
age,  as  well  as  in  the  melaphyres,  amygdaloids,  and  porphyries 
which  have  in  various  places  burst  through  them.  Lodes  contain- 
ing ores  of  this  metal  are  found  at  the  Potzberg  in  sandstone  and 
argillaceous  shale  ;  at  Morsfeld  in  melaphyre- conglomerate,  clay- 
stone-conglomerate,  and  claystone ;  at  Rathsweiler,  Erzweiler  and 
Baumholder  in  melaphyre  and  amygdaloid ;  and  in  the  Konigsberg 
and  Lemberg  in  quartz-porphyiy.  These  veins  are  sometimes 
accompanied  by  claystones  and  hornstones,  which  are  otherwise 
unknown  in  the  district,  and  may  perhajDS  be  products  of  the 
alteration  of  sandstones  and  ordinary  clay  slates.  In  claystones 
and  hornstones  the  lodes  are  usually  metalliferous,  but  become 
comparatively  unproductive  upon  passing  into  other  rocks.     Sand- 
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stones  and  conglomerates  have  sometimes  contained  rich  deposits 
of  ore,  but  the  clay  slates  are  almost  invariably  barren.  The  only 
known  exception  to  this  rule  is  the  occurrence  of  cinnabar  in  the 
casts  of  fossil  fish,  in  the  clay  slate  near  Miinsterappel,  on  the  right 
bank  of  the  Appelbach. 

The  lodes  of  this  district  are  for  the  most  part  associated  in 
small  groups  in  whiqh  the  principal  leaders  assume  a  certain  paral- 
lelism, but  both  lodes  and  impregnations  appear  to  be  productive 
at  short  distances  from  the  surface,  only  to  become  gradually  poorer 
as  greater  depths  are  attained.  The  greatest  depth  reached  at 
Potzberg,  Landsbers-  and  Moi'sfeld,  was  about  120  fathoms. 
Cinnabar  is  the  most  common  ore  of  mercury  present,  and  usually 
occurs  in  the  form  of  thread-like  strings,  or  as  crystals  in  small 
drusy  cavities  either  in  the  vein  or  in  the  country  rock.  The 
other  mercurial  substances  present  are  native  mercury,  native 
amalgam,  calomel,  and,  more  rarely,  mercurial  fahlerz.  Generally 
speaking,  the  lodes  are  princiiDally  filled  with  clay,  but  calcite, 
heavy  spar,  quartz,  hornstone,  chalcedony  and  bitumen  are  also 
sometimes  present.  The  associated  minerals  are  iron  pyrites, 
which  is  sometimes  argentiferous,  red  and  brown  haematite,  spathic 
iron  ore,  galena,  fahlerz,  copper  pyrites,  pyrolusite,  and  psilomelane. 
The  extension  in  the  direction  of  its  strike  is,  at  Landsberg,  on 
the  Gotte  gabe  Lode,  450  fathoms.  The  Morsfeld  lodes  extend 
for  a  length  of  about  200  fathoms,  but  very  few  of  the  others 
are  more  than  100  fathoms  in  length. 

Important  mines  of  quicksilver  sprang  up  at  Obermoschel  and 
Landsberg,^  in  the  Palatinate  about  the  middle  of  the  fifteenth 
century,  and  the  Erzengel  Mine  alone  is  said  to  have  afforded  as 
much  as  9,000  lbs.  of  quicksilver  annually.  In  the  year  1765,  the 
Palatinate  Zweibriicken  mines  together  yielded  43,000  lbs.  of 
quicksilver,  but  they  have  now  for  many  years  become  almost 
completely  exhausted.  In  the  year  1879,2  the  mines  of  Lemberg 
and  Kellerberg  were  re-opened,  but  their  production  has  been  very 
small ;  in  1879  they  yielded  14"25  tonnes  of  ore,  worth  about 
£20 ;  and  in  1880,  29  tonnes  of  the  value  of  £35.  No  returns  of 
ore  seem  to  have  been  made  since  that  time. 

The  Harz. — Mining  in  the  Harz  was  first  begun  in  the  year 
933,^  or  according  to  some  authorities  in  968,  during  the  reign  of 

1  H.  V.  Dechen,  Karsten's  Arcliiv.  xxii.  1848,  pp.  375-464. 

•  Zeitschr.f.  Berg.  Hiltt.  u  Salinenw  ,  xxviii.  1880,  p.  186.  Ibid.,  xxix.  1881, 
p.  189.     rmL,  XXX.  1882,  p.  187. 

^  Conrad  Blomeke,  "Uber  die  Erzlagerstatten  des  Harzes,"  Bery.  u.  Hiltten- 
numnische-s  Jaht-buch,  1885,  xxxiii.  p.  1. 
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Otto  I.,  the  first  workings  having  been  commenced  at  Rammels- 
berg,  near  Goslar.  Between  the  years  1004  and  1006  the  mine 
was  abandoned  in  consequence  of  plague  and  famine,  but  was 
resumed  in  1016.  In  the  fourteenth  century  the  Avorkings  at 
Rammelsberg  fell  in,  400  miners  were  killed,  and  in  consequence 
mining  was  abandoned  for  about  100  years.  In  1473  the  Meissner 
Adit  was  begun  by  miners  from  the  Meissner  district,  who  under- 
stood working  in  hard  rock  with  the  gad  and  hammer  better  than 
the  local  miners,  and  blasting  with  powder  was  tried  in  the  middle 
of  the  fifteenth  century.  In  1820  the  Rammelsberg  was  removed 
from  the  jurisdiction  of  the  town  of  Goslar  and  handed  over  to  the 
Communion  Harz  Venualtung,  which  is  so  divided,  in  accordance 
Avith  a  convention  dating  from  1635,  that  Hanover,  now  the 
kingdom  of  Prussia,  receives  four-sevenths  and  the  Duchy  of 
Brunswick  three-sevenths  of  the  profits. 

Mining  was  begun  at  Zellerfeld,  Wildemann,  and  Clausthal,  in 
the  upper  Harz,  in  the  year  1000.  Mining  flourished  in  the 
thirteenth  century,  but  came  to  a  standstill  in  the  middle  of  the 
fourteenth,  on  account  of  difficulties  experienced  in  draining  the 
mines.  At  the  beginning  of  the  sixteenth  century  the  mines  were 
worked  on  an  extensive  scale,  but  were  again  abandoned  during 
the  Thirty  Years'  War.  Owing  to  improvements  which  had  in 
the  meantime  been  made  in  pumping  machinery,  the  mines  were 
successfully  re-opened  at  the  beginning  of  the  eighteenth  century 
and  have  continued  in  operation  to  the  present  day.^ 

The  Harz  comprehends  an  approximately  elliptical,  upland 
area,  the  greater  axis  of  which  is  twice  as  long  as  the  smaller, 
consisting  for  the  most  part  of  sedimentary  formations  of  Devonian 
and  Lower  Carboniferous  age.^  Grauwacke,  clay  slate,  siliceous 
slate  and  quartzite  are  the  predominating  rocks,  with  subordinate 
beds  of  limestone.  These  strata  are  frequently  broken  through  by 
igneous  rocks,  especially  by  the  granite  masses  of  the  Brocken  and 
Ramberg.  It  is  noteworthy  that  the  granite  of  the  Harz  contains 
remarkably  few  mineral  veins,  and  of  these  none  carry  any  precious 
metals  though  some  bear  ores  of  iron  and  manganese.  The  most 
important  is  the  manganese  vein  of  Braunlange,  which  is  remark- 
able as  being  the  only  vein  in  this  district  that  has  hitherto  been 
found  to  continue  from  the  granite  into  the  slate,  or  vice  versa. ^ 

^  Dr.  A.  Giirlt,. Berc/hau  iind  Hiitienhunde,  Essen,  1879,  p.  16. 
'^  A.  V.  Groddeck,  Ahriss  der  Geognosie  des  Harzes,  Clausthal,  1833,  p.  22. 
^  Conrad  Blomeke,  "  Uber  die  Erzlagerstatten  des  Harzes,"  Bery.  v.  Hiitfen- 
mdnninches  JaJu-huch,  1885,  xxxiii.  p.  1. 
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Around  the  older  rocks  is  a  mantle  of  more  recent  formations, 
namely,  Upper  Coal-measures,  Permian,  Triassic,  Jurassic  and 
Cretaceous  rocks,  which  may  be  regarded  as  defining  the  limit  of 
the  mountain  district. 

The  principal  riches  of  the  Harz  consist  in  lodes  and  deposits 
of  silver,  lead  and  copper  ores,  sometimes  united  with  ores  of 
cobalt  and  nickel;  in  lodes  of  antimony;  in  deposits  of  pyrites; 
and  in  lodes,  beds,  and  deposits  of  ores  of  iron  and  manganese. 
The  copper  schist  of  Mansfeld,  in  the  Lower  Harz,  is  very  exten- 
sively worked. 

The  lodes  producing  ores  of  these  metals  occur  chiefly  in  the 
Devonian  and  LoAver  Carboniferous  rocks  of  Clausthal  and  Zeller- 
feld,  in  the  Devonian  rocks  of  the  Rammelsberof,  in  the  Silurian 
rocks  of  St,  Andreasberg,  and  in  slate  of  the  same  age  at  Harzge- 
rode  in  the  Eastern  Harz. 

A.  V.  Groddeck  describes  ^  the  celebrated  lodes  of  the  North- 
west Upper  Harz,  on  the  plateau  of  Clausthal,  as  traversing 
Devonian  strata  and  Culm-measures,  and  states  that  a  displace- 
ment of  the  country  rock  to  a  distance  of  218  yards  occurs  at 
Bockswiese  and  Lautenthal,  where  the  lode  fissures  have  Devonian 
strata  on  the  foot  wall  and  Culm-measures  on  the  hanging  wall. 
The  lode-groups  form  a  system  of  rays  which  spreads  out  from 
the  Upper  Kellwasserthal,  beneath  the  Brocken,  towards  the  west. 
In  this  system  three  main  rays  may  be  distinguished  :  the  most 
southerly  of  which  has  a  general  strike  of  N.  75°  W.  (7  o'clock^), 
and  is  formed  by  the  Silbernaaler  group,  the  United  Burgstiidter 
and  Rosenhofer  groups,  and  the  Schulerthaler  group.  The 
Lautenthal-Hahnenkleer  and  the  Bockswiese-Festenburg-Schulen- 
berger  groups,  which  have  a  general  strike  N.  45°  W,,  belong  to 
the  middle  ray.  The  eastern  ray  is  composed  of  a  group  which,  up 
to  the  present  time,  has  not  been  much  investigated  :  its  direction 
is  N.  and  S.  Between  these  main  lodes,  especially  between  the 
south  and  middle  groups,  several  others  occur,  among  which  may  be 
mentioned  the  Zellerfelder,  the  Herzberger,  and  the  Hlitschenthal- 
Spiegelthaler  groups.  Next  to  the  metalliferous  veins  are  two  desti- 
tute of  ore,  the  fcmU  Ruschel  and  Charlotte  Lode,  which  run  nearly 
parallel  to  the  strike  of  the  beds,  namely,  from  N.  45°  to  75^^  E. 

^  A.  V.  Groddeck,  Zeifschr.  d.  d.  geol.  Gesellsch,  xviii.  1866,  p.  693,  and  xxix. 
1877,  p.  440.  Zeifschr.  f.  Bery.  HiW.  u.  Salinemv.  xxi.  1873,  p.  1.  B.  Rosing, 
Ibid.    XXV.  1877,  p.  280. 

-  In  expressing  the  strike  in  hours  we  must  imagine  the  horizon  to  be  divided 
into  twice  12  hours,  each  hour  representing  15^  The  direction  N.S.  is  hour  12, 
midnight  and  midday  ;  E.W.  is  hour  6,  morning  and  evening. 

C   C 
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The  lodes,  which  have  distinct  selvages  on  the  foot  Avail,  are 
split  up  and  mixed  with  the  country  rock  on  the  hanging  wall, 
and  sometimes  reach  a  thickness  of  more  than  20  fathoms  ;  their 
dip  is  at  a  great  angle  towards  the  south  and  south-west,  rarely 
towards  the  north  or  east.  The  filling  of  the  lodes  principally 
consists  of  country  rock,  grauwacke,  and  clay  slate  in  a  more  or 
less  altered  state,  together  with  lustrous  black  slate.  Between 
these  fragments  of  country  rock,  the  gangue  and  ores  lie  in  the 
form  of  strings  and  impregnations;  brecciated  lodes  are  very 
general.  The  gangue  is  quartz,  spathic  iron  ore,  calc  spar  and 
heavy  spar;  the  principal  ores  being  argentiferous  galena,  blende 
and  copper  pyrites.  These  ores  are  very  unevenly  distributed  in 
the  lode  cavities,  and  numerous  veins  are  characterised  by  the 
predominance  of  a  quartzose  gangue,  with  galena,  as  in  the  case  of  the 
Zellerfeld  lodes;  others,  such  as  the  Burgstadter  lodes,  are  filled 
with  quartz,  calcite,  galena,  and  blende.  In  some  places  copper 
pyrites  occurs,  as  at  the  Charlotte  Mine,  or  zinc  blende,  as  at 
Lautenthal,  where  it  is  the  principal  ore.  In  an  exhaustive 
memoir,  F.  Schell  ^  has  described  the  lodes  of  the  North- 
western Upper  Harz  as  having  a  general  strike  from  south- 
east to  north-west.  Formerly  they  were  represented  as  being 
parallel,  and  this  to  a  certain  extent  is  true,  although  it  can  no 
longer  be  considered  as  strictly  correct.  The  whole  system  of  lodes 
should  rather  be  regarded  as  a  network,  because  they  are  almost 
all  connected  either  by  intersecting  veins  or  by  flucans.  The 
majority  of  the  lodes  dip  to  the  south-west,  and  on  this 
account  have  been  termed  "  right  dipping  "  in  contradistinction  to 
those  inclined  in  the  opposite  direction,  which  are  styled  "  reverse 
dipping/'  The  latter  occur  chiefly  in  the  Rosenhofer  lode-group. 
In  describing  the  lodes  according  to  their  character  and  constitu- 
tion, it  is  desirable  to  employ  the  expression  Gangzug,  lode-group, 
because  it  signifies  to  a  certain  extent  that  they  were  formed  at 
one  time,  or  may  even  be  at  present  in  course  of  formation. 

Commencing  in  the  south  and  ending  in  the  north,  these  lode- 
systems  are  the  following  : — 

1.  The  Laubhiitter-Adit  lode-group. 

2.  The  Hillfe-Gotteser  and  Isaakstanner  lode-group. 

3.  The  Silbernaaler  l6de-group. 

4.  The  Rosenhofer  lode-group. 

1  "Uer   Bergbaii  am  nordwestlichen  Oberharze,"  Zeitschr.   Bery.    Hiltt.     u. 
Salimmv.  xxx.  1882,  p.  S3. 
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5.  The  Burgstadter  lode-group,  and  the  Zellerfelder  main  lode- 
group. 

6.  The  Haus-Herzberger,  Spiegelthaler  and  Spiitenthaler  lode- 
group, 

7.  The  Schulenberger  and  Boekswieser  lode-group. 

8.  The  Hahuenkleer  and  Lautenthaler  lode-gToup. 

The  Rosenhofer  group  has  the  most  complicated  network  uf 
lodes  of  any  in  the  North-western  Upper  Harz.  Forming  part  of 
it  IS  a  perfect  entanglement  of  veins,  completely  shut  in  by  two 
main  lodes,  namely,  by  the  hanging  wall  of  the  Thurmhofer  and 
foot  wall  of  the  Liegender-Alteusegener  Lode.  Between  these  the 
most  varied  fissures  occur,  containing  more  or  less  ore.     There  are 


Fro.  87. — Kosenhofer  lode-group ;  horizontal  section. 
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also  several  diagonal  lodes  which  render  the  mapping  of  this 
network  still  more  difficult,  namely,  the  Ziller  foot  vein  and 
hanging  vein  and  the  Braunlilier  Yein.  Within  the  network  are 
several  reverse-dipping  veins,  and  lastly  there  is  the  fcmU  Buschcl 
coming  from  the  Burgstadter  Hauptzug  which  joins  the  Alten- 
segener  Lode. 

Fig.  87,  which  is  a  horizontal  section  of  the  group  along  the 
Avater-level,  will  not  only  serve  to  give  an  idea  of  the  position  of 
the  various  branches,  but  also  furnishes  an  example  of  the  general 
mode  of  occurrence  of  mineral  veins  in  the  Upper  Harz.  From 
the  drawing  it  will  be  seen  that  near  the  south-eastern  shafts  of 
the  Kosenhofer  group,  as  well  as  somewhat  further  east  and  west, 
the  lode  fissure  has  widened  considerably  through  the  union  of 
several  veins.  The  Thurmhofer  Lode  emanates  from  its  hauo-ing 
wall,  while  the  foot  wall  of  the  Altensegener  Lode  is  connected  by 
two  diagonal  cross-courses  with  the  main  fissure. 

c  c  2 
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The  contents  of  the  Rosenhofer  Lode  consist  of  spathose  iron 
ore,  in  addition  to  argentiferous  galena,  and  on  this  account  its 
ores  are  easily  fusible.  Beautiful  specimens  of  fahlerz  are  met 
with  in  the  Silbersegener  shaft,  while  fine  crystals  of  galena  occur 
in  some  of  the  others.  The  ores  are  associated  with  clay  slate, 
grauwacke,  and  heavy  spar.  Deep  down,  but  only  in  the  Rosen- 
hofer Mine,  blende  is  found  accompanying  lead  ores  ;  but  this  does 
not  occur  in  the  upper  part  of  the  lode. 

The  most  important  of  the  Clausthal  veins  occurs  in  the 
Burgstiidter  group,  and  seldom  has  any  lode  been  richer  in 
massive  lead  ores.     The  occurrence  of  solid  galena  is  specialh'  to 
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Fig.  SS. — Burg.stadter  lode-groiip  ;  liorizontal  section. 


be  noted  at  two  points,  namely,  in  the  Dorothee  Mine  and  in  the 
Herzoo;  Georsr-Wilhelm  Shaft. 

Fig.  88  represents  the  Burgstadter  lode-group,  from  which  it 
will  be  seen  that  it  is  not  a  single  vein,  but  is  associated  with 
several  others,  although  no  distinct  network  is  jDresent  as  in  the 
Rosenhofer  ground.  At  the  north-western  end  of  the  Burgstadter 
Lode,  the  Cron-Calenberger  Lode  occurs,  and  at  this  point  also 
originates  the  Zellerfelder  main-lode  with  its  variable  branch  veins. 
It  may  be  assumed  that  the  Cron-Calenberger  Vein  has  essentially 
been  filled  by  infiltrations  from  the  Zellerfelder  lode  fissure,  and 
that  the  galena  in  the  vicinity  of  the  Ring  Shaft  has  originated 
from  this  lode.  The  Ernst-August  Mine  is  at  present  the  most 
westerly  on  this  course,  and  in  this  extended  lode  the  contents 
vary  considerably,  the  galena  being  accompanied  by  clay  slate, 
grauwacke,  calc  spar,  quartz,  a  little  spathose  iron  ore,  copper  and 
iron  pyrites,  and,  deeper  down,  by  blende.     It  is  noteworthy  that 
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the  ore  in  the  eastern  portion  is  associated  with  clay  slate  and 
grauwacke  ;  in  that  to  the  west  of  this,  compact  calc  spar  occurs, 
while  still  further  west  the  lode  becomes  more  quartzose,  the 
Gabriel  Lode  being  specially  rich  in  quartz.  Although  galena  is 
the  ore  chiefly  raised,  yet  in  the  Konigin  Charlotte  Mine  the 
ore  is  not  galena  but  copper  pyrites. 

In  the  Zellerfeld  mines  the  quartzose  character  of  the  lode  is 
still  more  marked.  There  is,  however,  another  circumstance  to  be 
noted  which  is  very  characteristic  of  the  Ring  and  Silberschnurr 
Mine.  Here  the  galena,  in  certain  parts  of  the  lode,  occurs  in 
annular  and  polygonal  forms  which  enclose  parts  of  the  gangue 
and  country  rock.  The  whole  face  of  the  lode  is  often  covered,  as 
it  were,  with  different  figures,  and  the  enclosed  fragments  of  rock 
are  all  of  the  same  kind,  although  they  often  differ  in  colour, 
structure,  and  density.  As  these  figures  usually  apiDroximate  to 
rings,  it  may  be  assumed  that  the  mine  has  acquired  its  name 
from  this  circumstance. 

In  the  Schulenberger  and  Bockswieser  group,  ore  is  found  in 
two  zones  only,  which  are  tolerably  distant  from  one  another, 
namely,  to  the  east  near  Schulenberg  and  Festenburg,  and  to  the 
west  near  Bockswiese. 

The  following  remarks  apply  not  only  to  these  lodes  but  to  all 
those  of  the  Upper  Harz  generally  :  — 

If  the  contents  of  a  lode  are  soft  and  easily  weathered, 
a  depression  commonly  results  along  its  outcrop,  as  in  the 
Charlotte  Lode  near  Wildemann.  Sometimes,  however,  clay  is 
foi-med  by  the  weathering  of  the  veinstone,  and  this,  being  im- 
pervious, gives  rise  to  a  swamp.  If  the  contents  of  a  lode  are 
quartzose  and  less  easily  disintegrated  than  the  country  rock,  then 
the  weathering  causes  the  lode  to  project  from  the  surface  of  the 
ground  like  a  wall.  This  may  be  well  seen  at  different  spots 
on  the  Schulenberger  and  Bockswieser  group.  Here  the  lode 
presents  another  peculiarity,  which  is  characteristic  of  the  Herzog, 
August,  and  Johann-Friedrich  Mines,  namely,  that  the  veinstone 
of  the  western  part  of  the  lode  is  essentially  softer  than  that  of 
the  eastern  jDortion. 

The  celebrated  mining  district  of  St.  Andreasberg  ^  is  situated 
on  the  southern  edges  of  the  Rehberg  and  Sonnenberg,  on  the 
south-west  end  of  the  Brocken  mass  of  granite ;  the  lodes  being 
enclosed  in  a  narrow  zone  of  Silurian  clay  slate  and  grauwacke 

1  H.  Credner,  Zeit.  d.  d.  <jtol.  GeseU-srh.  xvii.  1865,  p.  163.  B.  v.  Cotta,  Die 
Lehre  von  dtn  ErzJcKjerKfdtttn,  2nil  eil.  ii.  ]i.  0". 
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bounded  on  the  north  by  granite  and  on  the  south  by  diabase. 
According  to  Langemann/  however,  the  age  of  the  country  rocks  is 
that  of  the  lowest  horizon  of  the  Devonian.  The  lodes  are  in 
some  cases  destitute  of  ore,  while  in  others  they  contain  ores  of 
silver,  iron,  or  copper.  The  barren  veins  often  attain  a  width  of 
above  180  feet,  and  are  filled  with  fragments  of  clay  slate  and  clay; 
they  di^)  from  55°  to  75°  towards  the  south,  and  extend  a  great 
distance  on  the  line  of  strike.  Two  of  these  barren  veins,  the 
Neufanger  towards  the  north,  and  the  Edelleuter  towards  the 
south,  enclose  a  horse  or  long  ellipsoidal  mass  of  rock,  consisting 
principally  of  clay  slate,  above  2,500  fathoms  in  length,  and  more 
than  500  fathoms  in  width.  On  one  side  of  this  large  enclosure 
of  country  rock  is  the  Edelleuter  vein,  or  flucan,  which  continues 
in  nearly  a  straight  line,  while  the  Neufanger  vein  forms  an 
arch  on  the  other.  Within  this  space  only  are  silver  lodes  ever 
found,  and  they  do  not  extend  beyond  the  enclosing  veins.  All 
the  lodes  known  at  St.  Andreasberg  outside  this  space  contain, 
with'  but  few  exceptions,  only  iron  ores  and  copper  pyrites. 

Two  systems  of  silver  lodes  are  distinguished  according  to 
their  direction.  The  first  is  comiDosed  of  several  lodes  which 
strike  N.  22°  to  37°  W.,  and  dip  at  a  great  angle  towards  the 
north-east.  The  most  important  of  these  are  the  Franz- August 
Lode,  the  Samson  Lode,  and  the  Jacobsgliick  Lode.  Two  lodes 
only  belong  to  the  second  system,  namely,  the  Gnade-Gottes  and 
the  Bergmannstrost  Lodes,  which  strike  nearly  parallel  to  the 
limiting  flucan,  and  dip  60°  to  85°  north.  The  silver  veins  are 
not  very  large,  few  of  them  being  above  eighteen  inches  in  Avidth. 
The  principal  gangue  is  calc  spar,  and  the  most  important  ores  are 
galena,  antimonial  and  arsenical  silver  ores,  and  native  arsenic ; 
these  are  accompanied  by  apophyllite,  harmotome,  desmine, 
stilbite  and  flu  or  spar.  The  silver  lodes  cross  and  frequently 
dislocate  one  another,  but  calcite  is  always  the  most  abundant 
gangue.  The  iron  lodes  outside  the  enclosed  ellipsoid  of  countr}- 
rock  are  filled  with  compact  red  iron  ore,  and  with  several  veins  of 
coi^per  pyrites  and  cobalt  ores,  from  a  zone  parallel  to  the  edge  of 
the  granite. 

The  presence  of  zeolites,  the  comparative  scarcity  of  galena, 
and  the  predominance  of  rich  silver  ores,  characterise  the  St. 
Andreasberg  lodes  and  distinguish  them  from  those  of  Clausthal, 
in  which  galena  is  abundant  and  the  other  minerals  do  not  occur. 
Some   of  these    lodes   have   a   very  regular    banded   or   combed 

1  Zeilsch.  f  Berfj.  Hi'itt.  v.  Salinenwexeu,  ISOl.  xxxix.  p.'47. 
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structure,  and  it  would  appear  that  their  origin  is  in  some  way 
intimately  connected  with  the  intrusion  of  the  neighbouring- 
diabase.  Many  of  the  minerals  present,  such,  for  instance,  as 
cerargyrite,  tinder  ore  and  gaaomatite,  are  evidently  products  of 
the  decomposition  of  other  substances.  The  Samson  Lode  has 
been  worked  and  found  to  be  productive  to  a  depth  of  800  metres 
( 2,624  feet),  although  oa  account  of  the  limited  extent  of  the  ore 
ground  it  has  been  followed  horizontally  for  a  distance  of  about 
2,100  feet  only. 

In  the  district  of  Harzgerode  and  Neudorf,^  which  is  of  con- 
siderable interest  to  the  mineralogist,  the  lodes  are  principally 
enclosed  in  clay  slates  of  Silurian  age.  This  is  especially  the  case 
in  the  Meisenberg  and  Pfaffenberg,  where  their  strike  is  south- 
east and  north-west  parallel  to  the  principal  axis  of  the  Harz. 
The  veinstone  consists  of  quartz,  spathic  iron  ore,  and  calcite,  with 
which  are  associated  galena,  iron  and  copper  pyrites,  tetrahedrite, 
bournonite,  stibnite,  and  occasionally  traces  of  wolfram.  *  These 
lodes  also  frequently  contain  fragments  of  country  rock,  which  are 
often  surrounded  by  concentric  layers  of  different  ores  in  the 
following  order,  namely,  spathic  iron  ore,  quartz,  finely  granular 
galena,  dark  brown  blende,  coarsely  granular  galena.  Zinken  has 
described  some  of  the  mineralogical  peculiarities  of  these  veins, 
particularly  those  belonging  to  the  Birnbaum  group,  and  has 
pointed  out  that  in  some  places  the  fissures,  instead  of  having 
become  filled  with  ordinary  veinstone,  contain  only  clay  slate 
traversed  by  numerous  small  branches.  In  the  clay  slate  these 
small  veins  consist  of  quartz,  but  when  the  v/all  rock  is  composed 
of  porphyry  they  are  filled  principally  with  galena.  In  the  year 
1879  Neudorf  produced  1,414  tonnes  of  lead  ore  of  the  value  of 
£7,417. 

The  Rammelsberg^  is  a  mountain  on  the  northern  borders 
of  the  Harz,  nearly  two  English  miles  south  of  the  town  of 
Goslar,  the  summit  of  which  is  2,076  feet  above  the  sea 
level.  The  rock  consists  of  three  members  of  the  Devonian 
formation,  namely,  the  Goslar  slate,  formerly  called  Wissenbach 
slate  by  F.  A.  Romer,  the  Calceola  slate,  and  the  Spirifer  sand- 
stone. These  rocks  lie  above  one  another  in  reversed  order,  so 
that  the  Spirifer  sandstone  forms  the  summit  of  the  mountain  ; 

1  Credner,  Georjn.  Verhaltn.  Thuring.  u.  d.  Harz,  1843,  p.  123..  Zinken, 
Leonhard's  Jahrbuch,  1850,  p.  692.  B.  v.  Cotta,  Die  Lehre  von  den  Erzlayer- 
stdtten,  ii.  p.  89. 

-  F.  Wimmer,  Zeiischr.  f.  Berg.  HiUt.  it.  Salinenw.  xxv.  1877,  p.  119. 
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beneath  this  comes  the  Calceola  slate,  and  lastly  the  Goslar  slate. 
The  characteristic  cleavage  of  the  Goslar  slate  is  not  usually 
met  with  at  the  Rammelsberg,  as  the  cleavage  and  stratification 
coincide  ;  the  interstratified  limestone  and  quartzite  being  parallel 
with  the  strata  containing  fossils.  When  the  plane  of  stratifica- 
tion of  the  slate  has  a  dip  greater  or  less  than  4-5°,  traces  of 
cleavage  may  be  again  remarked,  particularly  to  the  north-west 
of  the  Winterthal. 

The  Rammelsberg  ore  deposit  consists  of  an  aggregation  of 
irregular  lenticular  masses  of  ore  of  varying  dimensions,  its 
greatest  extension  in  the  direction  of  the  strike  being  655  fathoms, 
and  its  usual  thickness  from  45  to  60  feet,  which  sometimes, 
where  the  ore  mass  separates  into  two  branches,  extends  to  above 
90  feet.  Like  the  country  rock  it  has  a  strike  towards  east-north- 
east and  west-south-west,  with  a  dip  45°  south-east  following  all 


Steinberg 


Gosltir  Slate 


Fig.  89. — Section  across  the  Rammelsberg. 


its  contortions.  The  Rammelsberg  ore  deposit  is  consequently  a 
true  bed,  and  an  independent  member  of  the  Goslar  slates.^ 

Fig.  89,  representing  a  transverse  section  across  the  Rammels- 
berg, and  Fig.  90,  a  section  on  a  larger  scale  across  the  ore  bed, 
will  serve  to  show  the  mode  of  occurrence  of  the  ores  in  this 
mine.  TJiis  figure  should  be  compared  with  Fig.  65,  page  183, 
which  shows  the  result  of  modern  investigations. 

This  deposit  was  regarded  by  Delius  (1770)  as  a  stockwork, 
and  was  described  by  Lasius  (1789)  as  being  u either  lode,  stock, 
nor  stockwork,  but  as  a  "  rhomboidal  parallelopipedon  of  ore." 
Bohmer  (1793)  called  it  an  Erzflotz  or  ore-bed,  and  the  branch  he 
considered  a  true  lode.  Reichetzer  (1821)  calls  it  a  stehendcr 
Stock ;  B.  V.  Gotta  calls  it  a  liegendcr  Stock,  or  recumbent  mass, 
while  Gatterer  and  Hausmann  regarded  it  as   a   bed.      Recent 

^  The  above  statements,  descriptions  and  accompanying  sections  have  been 
here  retained  as  possessing  a  historical  interest  when  compared  with  the  views  at 
present  current  respecting  the  true  character  and  genesis  of  this  deposit. — H.L. 
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searching  investigations  have  brought  out  a  number  of  points 
hitherto  overlooked,  and  the  above  views  respecting  the  consti- 
tution and  mode  of  origin  of  this  deposit  are  no  longer  generally 


Fio.  90. — Section  across  the  ore  bed,  Rammelsberg. 

held,  most  geologists  now  looking  upon  the  deposit  as  an  epactic 
one.  The  opinions  given  on  page  183,  which  are  in  the  main 
those  of  J.  H.  L.  Vogt,  are  now  pretty  generally  accepted. 

This  bed  is  composed  of  lenticular  aggregations  of  sulphide  ores, 
which  consist  Jof  compact  masses  of 

1.  Galena  with  blende  and  iron  pyrites. 

2.  Galena  with  heavy  spar. 

3.  Copper  and  iron  pyrites. 

The  minerals  of  the  Kammelsberg  ore-bed  may  be  divided 
into  three  classes  : — ^ 

a.  Minerals  which  originally  formed  the  deposit. 

6.  Minerals  which  occur  in  fissures  and  veins  in  the  ore-mass. 

c.  Minerals  which  have  been  formed  by  the  decomposition  of 
the  two  preceding. 

a. — Of  this  class  the  prevailing  constituent  is  iron  pyrites. 
Copper  pyrites,  always  mixed  with  iron  pyrites,  and  sometimes 
with  fahlerz,  is  also  present.  Galena  occurs  in  a  compact  form, 
^  F.  Ulrich,  Die,  Mineralcorkommnisse  in  der  Umyeyend  von  Goslar,  1860. 
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but  when  mixed  with  pyrites  it  constitutes  the  so-called  melirtcn 
Erzc ;  when  in  association  with  blende,  iron  pyrites,  and  heavy 
spar,  it  forms  lead  ore  proper,  which  is  called  "  brown  ore "  or 
"  gray  ore,"  according  as  blende  or  heavy  spar  predominates. 
Blende  occurs  in  compact  masse.?,  as  does  also  heavy  spar; 
quartz  is  exceedingly  rare. 

h. — In  class  h,  copper  jjyrites  is  found  in  beautiful  crystals, 
crystallised  fahlerz  and  galena  also  occurring,  while  the  blende  is 
usually  compact.  The  heavy  spar  is  crystallised,  and  filling  the 
fissures  are  found  calcite,  calamine,  gypsum,  spathic  iron  ore  and 
quartz. 

c. — A  number  of  interesting  secondary  minerals  are  being 
formed  in  the  ancient  workings  of  the  Kammelsberg  Mine  by  the 
decomposition  of  the  original  ores.  Among  these  sulphate  of  iron, 
rarely  crystallised  but  often  in  a  stalactitic  form,  is  of  frequent 
occurrence,  as  are  also  botryogen,  roemerite,  voltaite,  copiapite, 
and  vitriol  ochre.  Sulphates  of  copper,  zinc  and  calcium  are  also 
present,  as  is  also  hair-salt,  a  magnesium  aluminium  sulphate 
containing  sulphates  of  zinc  and  iron. 

Professor  G.  Kohler  ^  of  Clausthal  has  brought  forward 
additional  evidence  (now  however  discredited  by  later  studies  of 
Vogt  and  others)  of  the  correctness  of  the  view  that  the 
Rammelsberg  deposit  is  a  true  ore-bed,  and  an  independent 
member  of  the  Goslar-slate  series,  and  in  his  paper  on  this  subject 
gives  drawings  of  a  number  of  sjDecimens  of  the  ores,  showing  that 
all  the  contortions  of  the  surrounding  rocks  are  shared  by  the 
ore-bed  itself. 

According  to  official  returns  the  production  of  the  principal 
mines  of  the  Harz,  during  the  vear  1881,  was  as  follows  : — ^ 


Lead  ores. 

Copper  ores. 

Zinc  ores. 

Weight.        Value. 

Weight. 

Value. 

Weight. 

Value. 

Tonnes.            £, 

Clausthal 10,147"\ 

Lautenthal 1,758     -,.,..  ^.-, 

Silbernaal 4,146     -'-*'-'' '"^- 

St.  Andreasberg  .    .    .          109; 
Rammelsberg    ....     27,547    j  11,143 

Tonnes. 
1     424 

19,365 

1,752 

28,087 

Tonnes. 

493 

5,238 

& 
1 16,435 

Totals 43,707    1211,895   '  19,789 

29,839 

5,731 

16,435 

^  "Die  Storungen  im  Rammelsberger  Erzlager  bei  Goslar,"  Ztitschr.  f.  Berg. 
Him.  u.  Salinenw.  xxx.  1882,  pp.  31  and  278. 

-  ndd.  xxx.  1882,  pp.  175,  186.  Ihkl.  xvii.  1869,  p.  259.  Ibid.  xix.  1871, 
p.  224. 
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In  addition  to  the  above,  Andreasberg  produced,  during  the 
year  1881,  122  tonnes  of  silver  ore  of  the  value  of  £5,901. 

Inchisive  of  cupriferous  lead  ores  and  iron  pyrites,  the  produc- 
tion of  Eammelsberg  in  1881  amounted  to  46,990  tonnes. 

In  1894  ^  the  results  obtained  in  this  district  were  : — 


Lead  ores.                   Copper  ores.                      Zine  ores. 
Mines. 

'    Weight. 

Value. 

■Weight. 

Value.     1  Weight. 

1 

Value. 

Tonnes. 

Clausthal 5,929 

Lautenthal    . • .    .    .    .       1,551 

Grund 4,943 

St.  Andreasberg      .    .           509 
Rammelsberg    ....     33,613 

£           Tonnes. 
\                      401 

V  85,250        _  ^ 
13,737    21,133 

£         1   Tonnes. 

1,264        6,878 

32        5,586 

21,780          — 

£ 
1 44,487' 

In  addition  to  the  above,  the  United  Samson  Mines  of  St. 
Andreasberg  produced  6,309  tonnes  of  raw  silver  ores,  which  were 
dressed  down  to  6376  tonnes  of  rich  ore  worth  £1,856 ;  the  509 
tonnes  of  (dressed)  lead  ore  mentioned  in  the  table  were  produced 
from  3,168  tonnes  of  raw  ores  and  valued  at  £3,090.  The  Ram- 
melsberg mines  also  produced  506  tonnes  of  pyrites,  bringing  their 
total  output  to  55,473  tonnes  of  ore  valued  at  £85,963.  The 
metals  produced  in  the  smelting  works  of  the  "  Communion  Harz 
Yerwaltung  "  in  1894  ^  were  as  follows  : — 

Lead 5,031  tonnes,  value  £44,738 

Copper 1,191         ,,  ,,       52,821 

Silver 7,824  kilogr.        ,,       34,560 

Gold 76-3     ,,  ,,       10,682 

Mining  was  commenced  in  the  county  of  Mansfeld,^  on  the 
southern  declivity  of  the  Harz,  in  the  year  1199,  and  has,  with  but 
little  interruption,  continued  flourishing  u-p  to  the  present  time. 
In  the  fifteenth  century  about  1,000  tons  of  copper  were  annually 
produced,  but,  during  the  sixteenth,  mining  was  for  some  time 
inten-upted  by  the  Thirty  Years'  War.  Working  was,  however, 
resumed  in  1573  by  the  Elector  of  Saxony,  since  which  time 
operations  were  continuously  carried  on  by  independent  companies. 
In  1852  these  companies  were  all  consolidated  into  the  "Mans- 
felder  Kupferschieferbauende  Gewerkschaft"  (Company  for  work- 

^  Zeitsch,  f.  Berg.  u.  Salinenu:  xliii.  1895,  pp.  146,  147,  153. 
2  Ibid,  xliii.  1895,  p.  178. 

^  Der   Kiipferscliieferherrjhmi   unci    der    Huttenhetrieb    znr    Verarheituvy   der 
yeivonnen  Mintrn,  1881. 
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ing  the  Mansfeld  CojDper  Schist),  which  now  produces  anuually 
about  15,000  tonnes  of  copper,  together  with  75  tonnes  of  silver, 
and  affords  emplo}'ment  to  nearly  13,000  miners. 

It  is  interesting  to  note  that  this  was  the  first  place  in  Germany 
where  steam  power  was  applied  to  mining  purposes.  In  the  year 
1785  it  was  found  impossible  to  keep  down  the  continually  iii- 
creasing  quantities  of  underground  water  (then  reaching  2  cubic 
metres  =  70  cubic  feet  per  minute)  by  means  of  the  horse  power 
that  had  up  till  then  been  employed,  and  a  Watts'  "fire-engine" 
was  accordingly  imported  from  England,  by  which  the  pumps  were 
driven  with  complete  success. 

The  geological  constitution  of  the  copi3er-mining  district  of 
Mansfeld  is,  on  account  of  the  regularity  of  the  stratification, 
exceedingly  simple,  and,  with  the  exception  of  melaphyre,  which 
occurs  sparingly  in  the  Wipper  Valley  and  a  few  adjacent  localities, 


Fig.  si.— Section  of  the  strata,  Tiet'thal. 


the  whole  region  is  composed  entirely  of  stratified  rocks,  of  which 
the  liotJiMcgcndes  forms  the  lowest  member. 

Fig.  91,  representing  an  anticlinal  in  the  Tiefthal  district,  will 
convey  a  correct  idea  of  the  position  of  the  various  strata.  Upon 
the  whole  the  strata  here  form  a  comparatively  regular  basin, 
round  the  edge  of  which  the  copper  schist  crops  out  for  the  greater 
part  of  its  circumference;  its  width  is  about  11  miles  and  its  area 
about  193  square  miles.  Most  of  the  present  workings  are  re- 
stricted to  the  northern  and  western  sides  of  the  basin,  where  the 
copper  schist  occurs  with  a  flat  dip  of  from  5°  to  8°  over  a  length 
of  about  14  miles. 

The  Bothliegcndcs,  the  name  applied  by  the  miners  to  the 
sandstones  and  conglomerates  forming  the  base  of  the  Mansfeld 
KupferschicfcT,  or  copper  schist,  sometimes  exceeds  500  fathoms 
in  thickness,  and  exhibits  many  characteristic  jDeculiarities,  by 
means  of  which  it  is  easily  recognised.     This  formation  may  be 
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divided  into  three  zones,  the  lower,  the  middle,  and  the  upper. 
The  lower  of  these  divisions  is  characterised  by  a  conglomerate 
of  waterworn  hornstone  pebbles  ;  the  second  by  various  beds  of 
carbonate  of  lime  ;  and  the  third  by  a  sharp  angular  grit  much 
employed  as  a  material  for  millstones. 

The  Weisslicgcndcs  may  be  considered  as  the  uppermost  bed 
of  the  Bothliegendes,  for,  although  this  stratum,  four  feet  six  inches 
in  thickness,  resembles  to  some  extent  the  layer  above,  i^articularly 
in  its  grayish-white  colour,  in  the  presence  of  carbonate  of  lime, 
and  in  its  containing  in  its  ujDper  beds  ores  of  the  same  metals  as 
the  limestone  formation  above,  it  still  retains  the  peculiar  sand- 
stone character  possessed  by  the  IlotMicgendcs. 

As  a  rule,  the  Weissliegendes  lies  on  the  upper  clayey  beds  of 
the  Bothliegendes  as  a  grayish-white  bed  rich  in  mica  and  lime. 
Above  this  follow  beds  of  sandstone,  which  possess  a  cementing 
material  of  a  grayish-wdiite  colour  rich  in  lime,  together  with,  in 
places,  beds  of  conglomerate  containing  fragments  of  quartz  and 
siliceous  slate.  The  upper  bed  of  this  sharply  characterised  divi- 
sion becomes,  through  the  disappearance  of  lime  as  a  cementing 
material,  very  rich  in  quartz,  and  in  places  takes  the  appearance 
of  hornstone. 

The  Zechstein  formation  at  Mansfeld  consists  of  two  principal 
divisions,  an  upper  and  a  lower.  Of  these  the  lower  comprehends 
the  ICujyferschicferJldtz,  or  cupriferous  seam  ;  the  Dach,  or  roof,  and 
the  Zechstein -proTpei ;  while  the  upper  consists  of  the  Eavch- 
VKi.ehe,  Bauhstein,  Stinkstein,  and  Asche  with  gyj^sum  and  various 
clays. 

The  bituminous  marl  constituting  the  copper  schist,  or  copjDer 
shale,  lies  everywhere  with  the  greatest  regularity  on  the  Both- 
liegendes, so  that  it  can  be  followed  as  a  thin  black  band ;  indeed 
in  some  places,  such  as  at  the  southern  edge  of  the  Harz,  it  even 
stretches  beyond,  Avhich  appears  the  more  remarkable  when  its 
small  thickness,  only  about  nineteen  inches,  is  taken  into  consider- 
ation. The  bituminous  contents  of  the  copper-bearing  bed,  which, 
however,  diminish  near  the  top,  are  more  characteristic  than  even 
its  metallic  contents,  as  bitumen  is  often  present  when  copper  ore 
is  absent,  or  occurs  only  in  c^uantities  too  small  to  pay  the  expenses 
of  smelting. 

Even  on  a  cursory  examination,  without  taking  into  consider- 
ation the  greater  or  less  proportion  of  copiDer  present,  the  copper 
schist  is  readily  divisible  into  several  distinct  layers.  The  deposit 
is  most  complete  in  all  its  members  in  the  Hettstedt  and  Gerbstedt 
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districts ;  but  this  is  less  the  case  in  the  districts  of  Eisleben  and 
Sangerhausen. 

The  different  layers  of  the  copper  schist  receive  from  the 
miners  the  following  names,  and  occur  in  the  following  order, 
beginning  at  the  bottom. 


1 

Hettstedt,  Gerbstedt.                           Eisleben.                              Sangerhausen. 

9.   Oberberge.                         Dachberge. 
8.  Nobei-ge.                            Noberge. 

7.  Lochberge.                        Kopfjg^-^^^ 

Noberge. 
Unterwand. 

6.  Kammschale.                    Kaminschale. 

5.  Kopfschale.                 "j 

,     o  ,  •  f    1      f  fOber      -    Grobe  Lette. 
4.  Schieferkopf|u^^g^,  J 

Schieferkopf. 
Blattschiefer. 

i 

3.  Lochschale.                      Feine  (Loch)  Lette. 
2.  Lochen.                         )    ti7„„+,-„„ 
1.  Liegende  Schale.        J    Wanting. 

Schramschiefer. 
Erzschiefer. 

The  first  division  consists  of  the  Liegende  Schale,  which  is  not 
everywhere  present,  after  which  comes  the  Lochen,  consisting  of  a 
soft  clayey  bed,  which  generally  lies  on,  and  is  firmly  attached  to, 
the  layer  of  shale  below  ;  whilst  above  it  is  the  Lochschale,  chiefly 
distinguished  by  its  extremely  fine  lamination.  The  entire  lower 
division  is  at  the  most  from  2  to  2J  inches  in  thickness. 

The  second  division  is  much  coarser  than  the  first.  The  ScMcfer- 
hopf,  which  is  divided  into  lower  and  upjDer,  has  a  solid  homogeneous 
appearance,  which,  however,  it  loses  in  the  Oherkopf,  which  is 
coarser  and  shows  an  uneven  fracture.  This  is  followed  by  a 
thin  layer,  the  Ivopfschalc,  which  sometimes  contains  strings  of 
gypsum,  though  by  no  means  with  the  same  regularity  as  is  seen  in 
the  next  layer,  the  Kammschale, 

The  Kammschale  presents  a  very  characteristic  appearance,  and 
is  everywhere  readily  recognisable.  It  is  traversed  by  fine  regular 
threads  of  gypsum,  which  gives  it  an  appearance  well  described  by 
the  miners  as  "white  haired."  The  entire  second  division  (4,  5 
and  6)  reaches  a  thickness  of  only  four  inches. 

Much  coarser,  but  still  almost  always  with  a  distinct  cleavage, 
is  the  Lochberge.  The  cross  fracture  is  perceptibly  grayer  and  paler 
than  is  that  of  the  preceding  layers.  The  Lochberge,  being 
separated   from   the    strata   both   above   and    below   by   smooth 
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schistose  surfaces,  separates  in  a  layer  2h  to  4  inches  in  thickness, 
and  is  often  used  as  a  building  stone. 

The  Nobcrgc  is  still  finer  schist,  of  less  clearly  defined  texture, 
in  which  bitumen  is  less  readily  discerned. 

The  Oberhergc  is  gray,  and  already  exhibits  characteristics  very 
similar  to  those  of  the  layer  above  known  as  the  Dach ;  the 
Ndberge  and  Ooerberge  together  attain  a  thickness  of  from  6  to  8 
inches. 

The  lower  portion  of  the  series  is,  in  the  Eislebeu  district, 
always  known  as  the  Lette,  and  in  that  of  Sangerhausen  the  layers 
of  the  lower  division  are  usually  soft,  plastic  and  greasy;  when 
firmer  they  often  contain  visible  grains  of  pitch.  The  Erzschicfcr, 
so  called  on  account  of  its  greater  metallic  contents,  is  not  every- 
where present,  and  when  present  does  not  exceed  a  thickness  of 
^  inch. 

The  Dach  exhibits  a  coarse  fracture  and  is  not  readily  fissile, 
being  usually  a  grayish-white  compact  bed  of  marly  limestone  from 
6  to  14  inches  in  thickness,  which  on  exposure  to  the  air  becomes 
yellowish-brown,  and,  on  weathering,  separates  into  polygonal 
fragments. 

The  Faille,  from  2  feet  6  inches  to  8  feet  in  thickness,  is  a 
dark-blue  solid  limestone  which  is  always  distinctly  marly. 

The  Zcchstcin  proper  is  a  dense  yellowish  or  smoke-gray  lime- 
stone with  a  conchoidal  fracture,  and  is  the  most  regular  and 
continuous  of  all  the  strata  accompanying  the  Kupferschicfcr  seam. 
It  is  in  a  high  degree  suitable  for  building  purposes,  since  it  not 
only  occurs  in  regular  beds,  varying  from  4  to  12  inches  in  thick- 
ness, but  is  also  readily  divided  into  parallelopipedal  blocks.  Flat 
lenticular  bodies  enclosing  a  dark  carbonaceous  mass  as  a  kernel, 
probably  the  remains  of  some  organism,  are  peculiar  to  the  Zcchstcin. 
The  upper  layers,  from  6  to  12  inches  thick,  are  porous,  the  pores 
being  of  a  yellow  colour.  This  bed  passes  into  the  next  of  the 
series  known  as  the  Rauchwacke,  which,  in  some  districts  often  of 
considerable  thickness,  is  in  the  Mansfeld  district  only  from  18 
inches  to  6  feet  thick,  and  lies  on  the  top  of  the  Zcchstcin ;  but 
it  is  seldom  of  great  extent,  thinning  out  and  disappearing  and 
then  again  appearing.  It  passes  from  a  firm  dark-grayish  black 
dolomitic  limestone  to  a  yellowish-gray  or  yellow  magnesian  marl. 
The  Bxmichwackc  is  often  traversed  by  small  fissures  filled  with 
calcite,  which  imparts  to  the  rock  the  appearance  of  a  breccia 
of  which  that  mineral  is  the  cementing  material. 

The  Asche,  which  consists  of  a  gray  earthy  or  sandy  dolomitic 
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mar],  is  never  absent  from  the  to]3  of  the  Zcchstcin,  but  is  extremely 
variable  in  thickness,  and  is  often  much  intermixed  with  other 
beds. 

The  Baulistein,  which  is  never  absent  where  the  Asche  is  pre- 
sent in  considerable  quantity,  forms  an  intermediate  link  between 
the  Hauchioacke  and  Asche.  It  is  blackish-gray  in  colour  and  re- 
sembles the  PumcliVMcke  in  its  jDorous  structure  and  the  irregular 
arrangement  of  its  constituents.  It  is  usually  found  embedded  in 
the  Asche.  Stinkstein,  from  its  frequent  passage  into  the  Asche, 
with  which  it  intermingles  as  frequently  as  does  the  PMuhstein,  is 
closely  allied  with  these  two  beds.  It  is  of  a  dark-gray  colour  and 
thinly  fissile,  the  planes  of  division,  however,  being  in  very  varying 
directions,  owing  to  movements  having  taken  place  in  the  beds 
which  appear  to  have  broken  the  stratum  and  thus  disturbed  the 
foliation.  The  peculiar  odour  of  the  Stinkstein  is  shared  to  some 
extent  by  the  upper  layers  of  the  whole  series. 

The  blue  clay,  which  forms  the  topmost  layer  of  the  formation, 
is  often  interstratified  with  red  clay,  and  encloses  layers  of  Stink- 
stein and  Bauhstein.  The  blue  clay  passes  into  Asche,  becoming 
more  sandy  in  so  doing. 

Gypsum  and  anhydrite  play  an  important  j)art  in  the  Zechstein 
formation,  penetrating  all  the  layers  down  to  the  Weissliegendes, 
and  varying  from  scarcely  visible  traces  to  distinct  beds  of  greater 
or  less  thickness ;  almost  everywhere  where  deposits  of  this  mineral 
are  bored  through,  anhydrite  is  found  somewhere  in  the  mass. 

The  metalliferous  contents  of  the  Kvi^fersch  icfer  seam  occur  as  a 
rule  in  the  form  of  Speise,  that  is,  sprinkled  in  the  condition  of 
very  fine  dust  which,  on  a  transverse  fracture,  causes  a  metallic 
reflection  in  sunliojht.  It  has  either  a  golden  colour  from  the 
presence  of  copper  pyrites  in  predominant  quantity,  or  a  violet, 
blue,  and  copper-red  colour  from  the  presence  of  erubescite  ;  more 
rarely  the  colour  is  steel-gray  from  copper  glance,  or  grayish- 
yellow  from  iron  pyrites,  and,  finally,  sometimes  bluish-gray  from 
the  presence  of  galena.  Although  the  Speise  principally  consists 
of  sulphuretted  ores  of  copper,  there  also  occur,  in  gi-eater  or  less 
quantities  not  visible  to  the  eye,  sulphide  of  silver,  blende,  galena, 
iron  and  copper  pyrites,  coj)per-nickel  and  arsenide  of  cobalt,  as 
well  as  compounds  of  manganese,  molybdenum  and  selenium  ; 
oxidised  compounds  and  salts  also  occur  as  secondary  products.  In 
addition  to  the  Speise  small  bands  and  filaments  of  the  same  ores 
likewise  occur,  filling  fissures  parallel  to  the  bedding  ;  the  presence 
of  these  is  not,  however,  sufficient  to  make  the  ore  profitable  for 
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smelting  when  Speise  is  absent.  None  of  the  layers  of  the  A'w^)/*^?'- 
schiefer  seam  are  barren  of  metal,  but  it  is  only  in  a  few  of  the 
bands  that  it  occurs  in  workable  quantities,  these  being  invariably 
the  lower  layers  up  to  the  Kammschale,  which  is,  as  a  rule,  the 
limit  of  smeltable  ore. 

At  Eisleben  the  Zette,  together  with  the  Kamnisclialc,  are,  as  a 
rule,  the  productive  beds,  and  with  these  is  associated  the  Schiefer- 
hopf,  especially  on  the  ridges  and  in  the  hollows  of  the  seam.  In 
proportion  as  the  depth  increases,  however,  the  clay  or  the  Kamm- 
schale frequently  becomes  too  poor  for  smelting.  In  the  Hettstedt 
district  the  productive  slate  is  confined  mahily  to  the  Lochen  and 
Unterkopf,  the  Oherhopf  being  mostly  unproductive,  while  Dach- 
berge  worth  smelting  occurs  but  rarely. 

The  term  Flotz,  seam,  is  usually  applied  to  the  productive  bed 
only,  the  thickness  of  which  varies  from  2|  to  5  inches.  With 
this  restricted  height  it  is  of  course  necessary  to  remove  a  portion 
of  the  country  rock  in  order  to  allow  room  for  working.  As  the  floor 
is  hard  the  roof  is  removed  to  such  an  extent  as  to  allow  the  hewer 
to  work  in  a  reclining  position,  and  as  the  miner  reclines  on  his 
side  the  breadth  of  the  shoulders  is  the  minimum  height  of  the 
Avorking  space  necessary.  The  most  suitable  height  is  about 
twenty-two  inches,  but  the  cupriferous  band  is  often  worked  with 
a  height  of  from  sixteen  to  eighteen  inches  only. 

In  some  places  there  occurs  below  the  Kupferschiefer,  on  the 
upper  part  of  the  Weissliegendes,  a  deposit  known  as  Sanderze, 
which  usually  appears  as  what  is  locally  known  as  gelbc  Tresse, 
consisting  of  consolidated  grains  of  copper  pyrites  mixed  with  sand. 
Wherever  this  Tresse  apjDears,  it  assumes  the  form  of  a  golden 
yellow  band  of  from  one-third  of  an  inch  to  one  inch.  The  Kup- 
ferschiefer of  the  Mansfeld  district  contains  on  an  average  from 
two  to  three  per  cent,  of  copper  with  about  ten  pounds  of 
silver  to  the  tonne  of  copper,  whilst  the  Sanderze  of  the  Sanger- 
hausen  district  reaches  as  high  as  five  per  cent,  of  copper  when 
the  ore  is  pyrites,  to  ten  per  cent,  when  it  consists  of  erubescite, 
the  silver  in  this  case  reaching  only  five  pounds  per  tonne  of 
copper.  In  the  northern  portion  of  the  district  the  schists  are 
poorer  in  copper,  yielding  scarcely  one  and  a  half  per  cent. 

Up  to  the  year  1862^  there  had  been  practically  no  work  done 
below  adit  level,  but  deep  shafts  were  commenced  in  that  year, 
and  since  1864  a  number  of  important  ones  have  been  sunk,  the 

1  M.  Przyboski,  "  Der  Kupferscliieferbergbau  u.  die  Hiittenprochiction  ini 
Mansfeldischen,"  Berg.  u.  Hiiffermuinimches  Jahrbuch,  1889,  xxxvii.  p.  41. 
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deepest  being  the  Ernst  Schad  III.,  375  metres  (1,230  feet)  and 
the  Otto  Schad  III.,  3G7  metres  (1,204  feet).  In  1890  there  were 
over  thirty  shafts  down,  fourteen  of  which  were  used  for  winding. 

The  following  analyses  give  the  composition  of  copper  schist 
during  the  second  quarter  of  1870  : — 


otto  Shaft.    Ernst  Shaft.       ^gifaft'^^ 


Silica-  -  . 
Alumina  .  . 
Lime  .... 
Magne.sia  . 
Cai'bonic  acid 
Iron  .... 
Copper  .  .  . 
Silver     .    . 


38-42  1      33  15  29-22 

15-93  I      12-90  11-76 

10-93  14-39  12-66 

3-53  2-32  2-25 

7-02  10-47  9-43 

1-81  3-31  2-97 

2-01  2-90  2 -88 

0-015  0-016  !        0-021 

Sulphur I        3-18  2-15  j        4-97 

Bitumen  by  loss \       14-63  i        9-89  [      17-21 


Zinc,  lead,  manganese,  nickel,  and  cobalt  were  not  quantitively 
estimated. 

As  shown  in  Fig.  91,  the  Kuffer&cMcfcr  deposit  is  overlain  by 
the  well-known  Bunter  Sandstone,  which,  in  this  district,  consists 
of  red  slaty  clays,  red-coloured  sandstones  and  sandy  shales,  oolitic 
beds  and  thick  masses  of  gypsum.  Copper  schist  is  also  worked 
in  Hesse,  and  at  Saalfeld  in  Thuringia.  Some  idea  of  the  import- 
ance of  the  Mansfeld  metalliferous  deposits  may  be  gathered  from 
the  following  facts.  The  total  number  of  men  employed  at  the 
end  of  1881  in  all  departments,  mining,  transport,  smelting,  &c., 
was  13,087,  and,  taking  their  families  into  consideration,  the  total 
number  of  persons  dependent  on  the  working  of  the  Kuffer&cliicfcr 
was  a  trifle  over  35,000.  There  does  not  seem  to  have  been  much 
variation  since  that  period,  the  number  of  men  employed  in  189 i 
being  returned  as  12,954. 

In  the  Mansfeld  district  the  following  quantities  of  copper 
schist  have  been  raised  since  1862  : — 

Year.  Tonnes. 

1862 61,971 

1865 91,028 

1868 135,284 

1871 170,580 

1874 192,847 

1877 269,482 

1878 299,601 


PART  II  GERMAN    EMPIRE  403 

Year.  Tonnes. 

1879 320,320 

1880 394,650 

1881 436,048 

1882 490,211 

1883 536,084 

1884 522,175 

1885 557,185 

1886 441,373 

1887 443,060 

1888 469,747 

1889 511,337 

1890 536,489 

1891 521,687 

1892 523,000 

1893 514,190 

1894  . 521,259 

Besides  this  the  Sangerhau.sen  district,  belonging  to  the  Mans- 
feld  Company,  produced  138,405  tonnes  of  cop^Der  schist  during 
the  period  from  1862  to  1880  inchisive ;  or  an  average  of  7,284 
tonnes  per  annum. 

Sangerhausen  alone,  in  1880,  produced  10,933  tonnes. 


1881         „  9,36 


1 


Altogether,  Sangerhausen  and  Mansfeld,  in  1880,  produced 
405,583  tonnes,  representing  a  value  of  £537,390  ;  and  in  1881, 
445,415  tonnes,  worth  £660,487.  In  the  year  1881  the  quantity  of 
silver  and  copper  obtained  ^  was  as  follows  : — 

Copper 10,999  tonnes. 

Silver 59,836  kilogr. 

In  1894  ^  the  Mansfeldsclic  Kwpfcrschiefp/rbaiiende  Geiverkschaft 
produced  521,259  tonnes  of  ore,  valued  at  £779,850  ;  this  yielded: 

Copper 15,217  tonnes,  value  £653,218. 

Silver 75,496  kilogr.      „      £321,235. 

So  that  the  produce  of  the  smelting  works  for  that  year  was  close 
upon  a  million  sterling. 

In  recent  years  large  works  have  been   undertaken  with  the 

1  Zntsrhr.  f.  Berg.  H'utt.  u.  Salinmu:,  xxx.  1882,  p.  183. 

-  Ihid.  xxx.  1882,  p.  226. 

'  Ibid,  xliii.  1895,  pp.  151,  177. 
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object  of  draining  the  lake  that  covers  a  considerable  area  of  the 
copper-bearing  district,  the  waters  from  which,  soaking  through  the 
ground  into  the  mines,  have  proved  a  great  source  of  expense  in 
working,  and  a  serious  obstacle  to  their  further  development. 

The  iron  ores  of  the  Harz,^  which  are  very  widely  distributed, 
chiefly  consist  of  hsematites  and  limonites,  although  both  magnetite 
and  spathic  iron  ore  are  also  occasionally  met  with.  B.  v.  Cotta 
remarks  that  the  comparative  rarity  of  magnetite  may  probably 
be  explained  by  the  absence  of  crystalline  schists,  since  it  is 
principally  in  such  rocks  that  deposits  of  iron  ores  have  become 
changed  into  magnetite  by  the  metamor|)hic  action  which  has 
caused  the  alteration  of  the  rocks  themselves.  In  the  Harz,  as  in 
numerous  other  localities,  iron  ores  are  for  the  most  part  associated 
with  igneous  rocks,  either  being  enclosed  within  them,  or  forming 
contact  deposits  in  their  immediate  vicinity.  They  occur  usually, 
but  not  universally,  in  connection  with  diabase,  and  are  found  in 
the  form  of  beds,  veins,  and  irregular  deposits. 

Many  of  the  masses  of  greenstone  penetrating  the  Silurian  rocks 
of  the  Eastern  Harz,  near  Tilkerode,  contain  deposits  of  haematite, 
which,  according  to  Zinken,  do  not  extend  into  the  surrounding  clay 
slates.  They  occur  either  as  irregular  lodes  in  the  diabase,  or  form 
deposits  between  it  and  the  neighbouring  slate,  and  it  is  remarkable 
that,  in  addition  to  iron  ores,  they  sometimes  contain  various  com- 
pounds of  selenium,  such  as  clausthalite,  lehrbachite,  and  tilkerodite 
associated  with  auriferous  palladium.  As  is  usually  the  case,  when 
spathic  iron  ore  is  present  it  has,  near  the  surface,  been  converted 
into  limonite.  Similar  deposits  occur  at  Elbingerode,  Lehrbach,  and 
Zorge ;  Avhile  on  tiie  Krokenstein,  near  Hlittenrode,  haematite 
forms  a  contact  deposit  between  limestone  and  clay  slate.  Little 
appears  to  have  been  done  during  late  years  either  at  Tilkerode, 
Zorge  or  at  Lehrbach.  During  the  year  1881  Elbingerode  produced 
4,600  tonnes  of  brown  iron  ore  and  2,173  tonnes  of  red  hsematite. 
In  1894  the  chief  mines  of  the  district  were  those  of  Billten  and 
Adenstadt,  belonging  to  the  Ilseder  Company,  which  produced 
276,423  tonnes  of  ore  entirely  from  openworks,  whilst  the  whole 
Elbingerode  district  only  produced  3,140  tonnes. 

The  manganese  deposits  of  the  Harz  are  almost  exclusively  con- 
fined to  the  neighbourhood  of  Ilfeld,  where  they  occur  in  porphyrite 
in  the  form  of  veins  varying  from  a  few  inches  to  nearly  two  feet  in 
width,  and  of  which  the  usual  strike  is  between  N.  82°  W.  and  N. 

1  Zinken,  Dtr  ostliclie  Harz,  i.    1825,  p.    135 ;  Ci'edner,  Geogn.   Verh.   Thiir. 
u.  (Its  Hat'zea,  1843,  p.  12" ;  Kerl,  Berg,  und  Huttenm.  Zeit.  1853.  p.  148. 
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30''  W.  The  ores,  ^vhich  are  in  part  compact  and  in  part  crystallised, 
consist  of  manganite,  pyrolusite,  varvicite,  braunite,  hausmanuite, 
psilomelane,  and  wad  ;  the  associated  matrix  consisting  of  calc  spar, 
heavy  sjaar,  brown  spar,  and,  sometimes,  carbonate  of  manganese, 
with  crystals  of  calc  spar  coloured  black  by  manganic  oxide.  These 
lodes  are  invariably  accompanied  by  branches  in  which  ores  of 
manganese  occur  in  a  compact  form  and  without  any  admixture  of 
matrix.  They  are  seldom  productive  to  a  greater  depth  than  about 
six  fathoms,  although  in  a  few  exceptional  cases  they  have  been 
followed  to  beyond  thirty  fathoms.  The  porphyrite  of  Ilfeld  is  in 
some  places  traversed  by  lodes  of  iron  ore. 

During  the  year  1881  the  Ilfeld  mines  produced  144  tonnes  of 
manganese  ore  of  the  aggregate  value  of  £1,31.5.^  The  manganese 
mines  were  closed  in  1891,  but  the  district  still  continued  to 
produce  a  certain  amount  of  iron  ore.  In  1894  the  output  was 
781  tonnes  of  brown  and  4,400  tonnes  of  red  haematite. 

The  Thuringiax  Forest.-— Iron  ore  was  at  a  very  early  period 
worked  in  the  Thuringian  Forest,  iron  works  having  been  built 
near  Saalfeld  in  1017.  Gold  was  mined  at  Goldisthal  in  prehistoric 
times,  while  the  gold  washings  and  gold  mines  at  Reichmannsdorf 
and  Steinhaide,  near  Saalfeld,  were  flourishing  in  1209  ;  they  Avere, 
however,  abandoned  in  1430,  but  resumed  in  1533.  The  Gllte- 
Gottes  Mine  at  the  Petersberg,  from  1576  to  1580,  yielded  about 
seventy-five  pounds  of  fine  gold.  It  was  abandoned  in  1635  on 
account  of  the  Thirty  Years'  "War,  but  in  1692  was  resumed  by 
foreign  miners  procured  by  Duke  Albrecht.  In  the  year  .1700 
there  were  gold-washings  on  the  Werra  and  the  Ilz  near  Schwarzen- 
brunn  and  Schalkau,  but  they  do  not  appear  to  have  been  success- 
ful. The  only  ores  at  present  obtained  in  this  region  are  those  of 
iron  and  manganese,  with  a  little  antimony  and  a  still  smaller 
quantity  of  copper  ore. 

Geologically,  the  Thuringian  Forest  is  divided  into  two  portions 
of  very  unequal  areas.  The  south-eastern  part,  which  joins  the 
plateau  of  the  Fichtelgebirge,  and  from  which  it  is  separated  by  no 
natural  boundary,  consists,  principally,  of  Silurian  rocks  bounded 
on  the  north  by  Permian  strata,  and  on  the  south-west  by  rocks 
of  Carboniferous,  Permian,  and  Triassic  age.  This  district  is 
penetrated  by  but  few  masses  and  dykes  of  granite  or  other 
eruptive  rocks,  and   is  by  no  means  rich  in  metalliferous  veins. 

1  Ztitachr.  f.  Btrij.  H'dtt.  n.  Salimnic.  1882,  et  stq. 

-  Krug  von  Nidda,  Karsten's  Arrhic.  xi.  18.38,  p.  13.  Credner,  Otogn. 
VtrMlt.  ThuriiKj.  u.  d.  Harz,  184.3,  p.  130. 
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The  north-western  i:)ortion  consists  of  a  small  mountain  ridge, 
of  which  the  geological  characteristics  are  much  varied.  Here 
granite,  syenite,  gneiss  and  mica  schists  appear  to  be  the  oldest 
rocks  and  are  frequently  traversed  by  various  porphyries  and 
greenstones.  In  the  Silurian  rocks  of  the  south-eastern  district 
considerable  cpiantities  of  haematite  and  limonite  are  mined,  par- 
ticularly in  the  neighbourhood  of  Steinach  and  at  Schmiedefeld, 
near  Griifentha],  where  a  bed  of  iron  ore  courses  parallel  to  the 
strike  of  the  enclosing  slates. 

At  Weitisberga,  near  Lehesten,  in  the  vicinity  of  a  mass  of 
intrusive  granite,  are  several  lodes  which  appear  to  occur  in  small 
masses  of  greenstone  which  penetrate  the  slates,  but  are  not  found 
in  the  slates  themselves.  These  veins  contain  small  quantities 
of  galena,  blende,  and  copper  pyrites,  intimately  intermingled  with 
a  gangue  consisting,  principally,  of  calcspar  and  hornblende. 

The  small  intrusion  of  granite,  which  comes  to  the  surface 
between  various  masses  of  porphyry  near  Schmiedefeld  contains  at 
the  Krux  Mines,  Avest  of  the  village,  some  irregular  deposits  of  iron 
ore  ;  the  surrounding  rock,  which  is  hornblendic  granite,  appears  to 
be  associated  with  a  sort  of  greenstone.  The  most  important  of 
these  deposits  is  that  known  as  the  Schwarze  Krux,  sometimes 
consisting  of  nearly  pure  magnetite,  but  occasionally  more  or  less 
mixed  with  quartz,  garnets,  iron  pyrites,  copper  pyrites,  mispickel, 
specular  iron  ore  and  fluor  spar.  The  Rothe  and  the  Gelbe  Krux, 
near  the  Schwarze  Krux,  contain  somewhat  similar  deposits,  Avhich 
consist  partly  of  hsematite  and  partly  of  magnetite,  often,  however, 
much  mixed  with  iron  pyrites. 

The  quartz-porphyry,  as  well  as  the  mica-trajjs  and  melaphyres 
of  the  Thuringian  Forest,  is  sometimes  traversed  by  veins  of  oxide 
of  manganese,  whose  strike  is  usually  parallel  to  the  trend  of  the 
mountain  ridges.  These  lodes,  which  exceptionally  penetrate  the 
granite,  consist  of  pyrolusite  and  psilomelane  associated  with  calc 
spar  and  heavy  spar;  with  these  are  found  wad,  hausmannite, 
braunite  and,  more  rarely,  manganite.  The  principal  veins  yield- 
ing ores  of  manganese  occur  in  the  Rumpelsberg  and  Mittelberg, 
near  Elgersburg,  where  they  usually  occur  without  any  considerable 
admixture  of  gangue.  They  are,  however,  sometimes  associated 
with  tabular  heavy  spar  or  calc  spar,  and  the  lodes  not  unfrequently 
enclose  large  horses  of  the  rock  in  which  they  occur.  When 
pyrolusite  is  present  in  a  pure  state,  it  usually  forms  bands  parallel 
to  the  walls  of  the  vein  fissure  Avith  its  crystals  all  directed  towards 
the  centre  of  the  lode.     The  other  ores  of  manganese  are  found  in 


PART  II  GERMAN    EMPIRE  407 

irregular  patches,  between  the  masses  of  country  rock  and  clay,  by 
which  the  lode  fissures  are  partly  filled.  A  few  of  the  most 
important  of  these  lodes  attain  a  width  of  fifteen  feet,  while  others 
can  only  be  traced  as  mere  lines.  Their  extreme  depth  has  never 
been  attained,  although  the  workings  on  some  of  them  have 
been  carried  fifty  fathoms  below  the  surface.  The  analogous 
deposits  of  pyrolusite  in  the  neighbourhood  of  Ilmenau  and 
Friedrichsroda  are  of  less  importance. 

A  dark-coloured  slate  which  overlies  the  granite  at  Goldlauter, 
near  Suhl,  is  of  Carboniferous  age,  and  contains  thin  layers  of 
anthracite,  together  with  impressions  of  ferns  and  stigmaria. 
One  of  the  beds  of  this  formation  of  a  more  than  usually  dark 
tint  contains  lenticular  or  ellipsoidal  masses,  varying  from  one  inch 
to  six  inches  in  diameter,  containing  various  metalliferous  ores. 
These  are  arranged  in  concentric  layers  around  a  kernel  generally 
consisting  of  sphserosiderite,  although  this  is  sometimes  replaced  by 
a  fragment  of  black  crystalline  limestone.  The  kernel  is  usually 
surrounded  by  layers  of  copper  pyrites,  tetrahedrite,  native  silver, 
and  a  silvery  white  mineral  (probably  mispickel)  which  crystallises 
in  fine  needles  and  contains  a  large  percentage  of  silver.  A  layer 
of  reddish-brown  spar,  containing  but  slight  indications  of  the 
presence  of  metals,  surrounds  the  minerals  above  enumerated, 
and  over  this  follow  alternating  bands  of  iron  pyrites,  mispickel, 
and  argillaceous  shale.  These  ellipsoidal  masses  are  rarely  so 
perfect  as  to  exhibit  in  any  one  specimen  the  whole  of  the  layers 
mentioned,  and  this  deposit  may  be  regarded  as  possessing  greater 
geolosrical  interest  than  economic  value. 

In  addition  to  iron  ores,  the  Zechstein  of  the  Thuringian  Forest 
contains  Kupferschiefcr,  with  veins  containing  ores  of  silver  and 
cobalt.  The  most  important  iron  deposits  of  the  Zechstein  occur 
in  the  neighbourhood  of  Herges,  and  are  worked  in  the  Stahlberg, 
Momme],  and  various  other  mines.  That  they  originally  consisted  of 
spathic  iron  ore  there  can  be  little  doubt,  but  they  have  now  become 
chiefly  converted  into  limonite.  Although  their  form  is  irregular 
they  have  a  general  south-east  and  north-west  strike  and  appear  to 
be  frequently  connected  with  one  another,  but  are  entirely  confined 
to  the  Zechstein.  The  strata  of  the  Zechstein  and  Bunter  Sand- 
stone formations  are  much  dislocated,  and  intrusions  of  granite  and 
other  eruptive  rocks  are  of  frequent  occurrence.  Kupferschiefcr 
and  Weissliegendes  appear  to  be  wanting  in  the  neighbourhood  of 
Herges. 

In  1879  the  Thuringian  Forest  jDroduced  18,680  tonnes  of  iron 
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ores  value  £5,914  ;  1,273  tonnes  of  manganese  ores  value  £-i,677  ; 
41  tonnes  of  antimony  ores  value  £746;  and  10  tonnes  of  copper 
ores  value  £8.^  Even  this  small  output  has  decreased  since  then  ; 
in  1894  antimony  mining  had  ceased,  and  only  the  two  principal 
iron  mines,  Stahlberg  and  Momrnel,  were  working  steadily ;  the 
district  produced  5,872  tonnes  of  iron  ore  in  that  year.- 

Thp:  Saxox  Erzgebirge. — This  mountainous  range  constitutes 
an  elevated  j)lateau  rising  on  an  average  from  2,000  to  2,500  feet 
above  the  level  of  the  sea,  with  a  gentle  north-w^esterly  slope 
towards  Saxony  and  a  more  precipitous  declivity  in  the  contrary 
direction  towards  Bohemia.  The  predominant  rocks  of  this  region 
are  gneiss  and  mica  schists  which,  towards  the  north-west,  gradually 
merge  into  non-fossiliferous  clay  slates. 

These  stratified  rocks  have  been  penetrated  by  numerous 
masses  and  dykes  of  granite,  as  well  as  by  the  so-called  red 
gneiss;  granitic  and  syenitic  porphyry,  together  with  various 
greenstones,  are  likewise  of  frequent  occurrence.  Basalt  here  and 
there  forms  small  conical  hills  or  api^ears  in  the  form  of  dykes, 
Avhile  siliceous  slates,  covered  for  the  most  part  by  rocks  of  Carbon- 
iferous and  Permian  age,  occur  on  the  north-western  declivity. 
The  ore  deposits  of  the  Erzgebirge  occur  exclusively  in  crystalline 
schists  and  in  igneous  rocks,  and  although  very  numerous  they  are 
not  exceptionally  rich.  They  contain  ores  of  silver,  lead,  zinc, 
copper,  tin,  cobalt,  nickel,  bismuth,  antimony,  arsenic,  iron  and 
manganese,  with  occasional  traces  of  gold  and  mercury. 

The  veins  of  silver  and  lead  ores,  which  also  frequently  contain 
ores  of  copper,  are  for  the  most  part  confined  to  a  zone  extending 
in  a  north-easterly  and  south-westerly  direction  over  the  crest  of 
the  mountains  from  Meissen,  through  Freiberg,  Langenavi,  Oederan, 
Wolkenstein,  Marienberg,  and  Annaberg,  to  Joachimstbal. 

The  tin-ore  districts,  which  contain  the  oldest  metalliferous 
deposits  of  this  region,  are  found  in  groups  which  extend  along  the 
crest  of  the  mountains,  where  they  form  lodes,  impregnations,  and 
surface  deposits.  Veins  of  cobalt  and  nickel  ores,  frequently  con- 
taining bismuth,  silver,  lead  and  copper,  occur  chiefly  in  the 
neighbourhood  of  Schneeberg,  but  ores  of  cobalt  and  nickel  are 
likewise  found  in  the  silver  lodes  of  Freiberg,  Marienberg,  and 
Joachimstbal.  Lodes  of  ha3matite  and  limonite,  frequently  con- 
taining manganese,  lie  chiefly  within  a  zone  corresponding  to  the 
crest  of  the  mountains,  but  deposits  of  magnetite,  associated  with 

^  Berrj.  mid  Hiitttn  Kahndar,  Essen,  1882,  p.  174. 

-  Zeitsch.f.  Berg.  Hutt.  u.  Salintnwtsen.  xliii.  1895.  p.  130. 
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diabase  and  other  greenstones,  are  distributed  in  groups  throughout 
the  Erzgebii-ge.  Traces  of  cinnabar  occur  in  the  clay  slates  near 
Hartenstein,  and  ores  of  antimony,  arsenic,  and  zinc,  are  found  in 
numerous  localities.  Gold,  although  occasionally  found  in  minute 
quantities,  is  no  longer  systematically  sought  after. 

Mining  operations  in  Saxony  were  first  carried  on  at  Frei- 
berg;  ^  some  waggoners,  who  were  transporting  salt  from  Halle 
to  Kuttenberg  in  Bohemia,  having  discovered  pieces  of  galena 
on  the  road,  carried  them  back  to  the  Harz.  This  accidental 
discovery  gave  rise  to  mining,  at  what  is  now  called  Freiberg,  by 
miners  who,  in  1160,  emigrated  from  the  Upper  Harz.  Mining- 
was  flourishing  in  1181,  but,  owing  to  famine  and  religious  wars, 
many  of  the  mines  were  brought  to  a  standstill  in  1.521.  In  1-540 
the  town  of  Freiberg  already  contained  32,763  inhabitants  above 
the  age  of  eleven  years,  the  majority  of  tlie  men  being  miners. 
Great  difficulties  were,  however,  experienced  in  draining  the  mines, 
so  that  in  1569  as  many  as  2,100  horses  and  250  men  were 
employed  in  raising  water.  In  the  beginning  of  the  seventeenth 
century  the  richness  of  the  mines  was  very  great,  and  from  the  year 
1529  to  1630,  after  subtracting  the  Government  dues,  they  yielded 
a  clear  profit  of  £487,500.  The  Freiberg  School  of  Mines  was 
founded  in  1702. 

The  lodes  of  Freiberg  have  been  so  carefully  studied  by  B,  v. 
Cotta,  who  passed  a  large  portion  of  his  life  in  the  neighbourhood, 
and  who  ma}'  be  regarded  as  the  best  authority  upon  this  subject, 
that  the  following  account  is  really  little  more  than  a  resume  of  .his 
description  of  the  veins  of  this  region. 

The  ore  district  comprises  the  area  lying  between  Nossen, 
Oederan,  Ebisdorf,  and  the  stream  known  as  the  Bobritzsch,  con- 
sisting predominantly  of  gneiss,  but  which  is  towards  the  west 
overlain  by  mica  schists  and  clay  slates.  These  schistose  strata  are 
traversed  by  various  eruptive  rocks,  some  of  which  have  become 
converted  into  serpentine.  Both  red  and  gray  gneiss  occur  in  the 
neighbourhood  around  Freiberg,  and  frequently  alternate  with  one 
another  in  almost  parallel  layers.  The  stratification  and  foliation  of 
these  rocks  are  nearly  horizontal,  but  they  gradually  fall  away  in 
two  opposite  directions  so  as  to  form  a  gently  sloping  saddle.  The 
red  gneiss  is  usually  poor  in  lodes.     The  gray  or  normal  Freiberg 

1  B.  V.  Cotta,  Die  Lehre  von  den  Erzlarjemtatten,  2nd  ed.  ii.  p.  4. 
M.  F.  Gaetzschmann,  Die  Avfsuchuny  nnd  Uiifersuchuny  von  Laf/ersfdtttn 
nutzbarer  Mintrafien,  1866,  p.  86.  C.  H.  Muller,  Freihery's  Btnj.  mul  Hiitten- 
iceHkn,  Freibei-ff,  188.3. 
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gneiss  is  a  compound  of  orthoclase,  quartz  and  dark-coloured  mica 
with  a  distinctly  foliated  structure,  readily  separating  it  into  jDarallel 
tables.  Both  the  red  and  gray  gneiss  may  be  divided  into  a  number 
of  subordinate  varieties,  and  sometimes  include  strata  of  other 
micaceous  rocks.  The  lodes,  of  which  about  900  are  known  to 
exist  in  the  Freiberg  district,  have,  in  accordance  with  the  nature 
of  their  several  veinstones,  been  classified  as  follows  : — 

1.  Noble  Quartz,  or  Brallnsdorf  Formation. 

2.  Pyritic  Lead  Formation. 

v..  Noble  Lead,  or  Brand  Formation. 

4.  Barytic  Lead,  or  Halsbriicke  Formation. 

B.  V.  Cotta  regards  this  as  being  also  very  nearly  the  order  of 
their  respective  ages,  for,  although  there  is  little  doubt  that  the 
veins  first  mentioned  are  the  oldest,  the  difference  in  age  between 
1,  2,  3,  would  appear  to  be  very  slight,  if  not  even  somewhat 
variable.  There  can  be  no  doubt,  however,  that  the  barytic  for- 
mation is  the  most  recent.  In  addition  to  the  foregoino-  the  so-called 
copper  formation  must  not  be  omitted,  although  it  can  only  be 
regarded  as  a  modification  of  the  pyritic  lead  formation  in  which 
copper  ores  happen  locally  to  predominate. 

1. — The  lodes  of  the  Noble  Quartz  Formation  consist  principally 
of  white  quartz  or  hornstone,  containing  numerous  fragments  of 
country  rock,  from  which  the  quartz  frequently  radiates  as  from  a 
centre.  The  ores  usually  occur  in  geodes  only,  although,  more 
rarely,  they  are  found  disseminated  throughout  the  veinstone. 
They  consist  of  very  rich  argentiferous  minerals  such  as  native 
silver,  argentite,  pyrargyrite,  argentiferous  mispickel,  tetrahedrite, 
miargyrite,  stephanite  and  polybasite.  Blende,  galena  and  iron 
pyrites  occur  in  very  small  quantities,  as  do  also  some  other 
minerals,  such  as  calc  spar,  brown  spar,  heavy  spar  and  fluor  spar, 
W'hich  crystallise  in  drusy  cavities.  Li  addition  to  the  foregoing, 
the  following  minerals  are  mentioned  by  v.  Cotta  as  occurring  in  lodes 
belonging  to  this  formation,  namely : — gypsum,  strontianite,  pearl 
spar,  diallogite,  cerussite,  metaxite,  hypochlorite,  antimony  ochre, 
valentinite,  geocronite,  boulangerite,  zinckenite,  stibnite,  kermesite, 
heteromorphite,  berthierite,  bournonite,  copj^er  pyrites,  millerite, 
pyrostiljDnite,  limonite,  specular  iron  ore  and  alabandite. 

Some  of  these  lodes  attain  a  width  of  seven  feet,  and  the  quartz, 
which  forms  the  princiiial  portion  of  the  gangue,  is  always  firmly 
united  to  the  country  rock.  Near  Briiunsdorf,  where  the  lodes  of 
this  class  are  most  characteristically  developed,  they  have  been 
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found  workable  only  in  the  sclncarzcii  Gebirgc,  a  black,  bituminous 
schist ;  they  are  generally  barren  in  the  ordinary  mica  schists. 
In  the  vicinity  of  Hockendorf,  on  the  contrary,  they  are  not 
unfrequently  very  rich  in  the  gray  gneiss. 

About  150  lodes  belonging  to  this  class  are  known  to  exist  in 
the  Freiberg  district,  among  which  the  following  may  be  cited  as 
being  the  most  characteristic.  The  Verlorene-Hoftnunty  and  Sesfen- 
Gottes  lodes  of  the  Neue-Hoffnung-Gottes  Mine  near  Braunsdorf ; 
the  Peter  and  Neugliick  of  the  Alte-Hoffnung-Gottes  Mine  at 
Kleinvoigtsberg ;  the  Wolfgang  lode  of  the  Segen-Gottes  Mine 
near  Gersdorf ;  the  harder  branch  of  the  Reinsberg-Gliick  at  the 
Emanuel  Mine  at  Reinsberg,  the  softer  branch  of  that  double  lode 
belonging  to  the  pyritic  lead  formation  ;  the  Helmrich  vein  of  the 
Romanus  Mine  near  Siebenlehn  ;  and,  finally,  the  Gottlieb  Lode  of 
the  Gesegnete-Bergmanns-Hoffnung  at  Obergruna. 

2. — The  lodes  of  the  Pyritic  Lead  Formation  contain  various 
metallic  sulphides  enclosed  in  a  quartzose  gangue  ;  the  principal 
metalliferous  minerals  being  argentiferous  galena,  blende,  iron  and 
cojjper  pyrites,  and  mispickel.  In  some  cases  ores  of  copper  so  pre- 
ponderate as  to  give  rise  to  what  has  been  called  the  copper  forma- 
tion. Rich  silver  ores,  calc  spar,  heavy  spar,  fluor  spar,  &c.,  occur  in 
very  subordinate  quantities  only,  and  are  usually  found  in  the  form 
of  crystals  lining  the  interior  of  drusy  cavities,  where  they  are 
evidently  a  more  recent  formation.  The  following  other  minerals, 
many  of  them  of  secondary  origin,  have  been  found  in  lodes  belong- 
ing to  this  class  : — hornstone,  opal,  gypsum,  cerussite,  pyromorphite, 
malachite,  azurite,  tyrolite,  pharmacosiderite,  scorodite,  pharma- 
colite,  cobalt  bloom,  pitticite,  copperas,  nacrite,  allophane,  chlorite, 
chrysocolla,  scheelite,  atacamite,  stilpnosiderite,  lampadite,  mela- 
conite,  limonite,  cuprite,  specular  iron  ore,  traces  of  cassiterite  in 
blende,  native  silver,  native  copper,  redruthite,  stromeyerite,  bour- 
nonite,  polybasite,  argentite,  freieslebenite,  tetrahedrite,  tennantite, 
erubescite,  pyrargyrite  and  marcasite.  The  outcrops  of  such  lodes 
are  often  much  decomposed,  and  exhibit  well-defined  and  abundant 
gossans.  This  formation  is  most  extensively  developed  to  the  north- 
east of  Freiberg,  several  lodes  belonging  to  this  class  being  worked 
in  the  Himmelfahrt  Mine.  Among  the  800  lodes  enumerated  by 
V.  Herder  as  belonging  to  this  formation  the  following  may  be 
regarded  as  characteristic,  namely,  the  Frisch-Gllick,  Gottlob, 
Abraham,  and  Jung-David  lodes  of  the  Himmelfahrt  Mine ;  the 
Laura  and  Abendstern  of  the  Neuer  Morgenstern  Mine ;  the  Jung- 
Andreas  of  the  Kronor  Mine,  and  the  Leander  of  the  Alt-Mordorube. 
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As  already  stated,  the  so-called  copper  lodes  are  merely  a 
modification  of  the  pyritic  lead  formation,  containing,  in  association 
with  quartz,  various  copper  ores,  such  as  copper  jDyrites,  redruthite, 
erubescite,  tetrahedrite,  &c.,  and,  as  products  of  decomjiosition, 
malachite,  azurite,  cuprite,  &c.  The  Gottlob,  Franzer,  and 
Heinrich  lodes  of  the  Morgenstern  Mines  are  cited  as  examples  of 
this  modification, 

3. — The  predominating  gangue  of  the  lodes  belonging  to  the 
Noble  Lead  Formation  consists  principally  of  various  carbonates, 
especially  brown  spar  and  diallogite,  associated  with  quartz.  The 
most  important  ore  is  galena,  which  is  somewhat  richer  in  silver 
than  is  that  of  the  preceding  formation,  and  often  forms  the  middle 
layer  of  symmetrically  formed  lodes  which,  in  addition,  contain 
blende  and  iron  j^y rites.  These  are,  more  frequently  than  in  the 
pyritic  lead  formation,  accompanied  by  rich  silver  ores  such  as 
pyrargyrite,  argentite,  native  silver,  stephanite,  &c.,  and  are 
associated  with  various  minerals  of  less  commercial  importance. 
Among  these  may  be  mentioned  hornstone,  opal,  fluor  sj)ar,  gypsum, 
heavy  spar,  calc  spar,  pearl  spar,  spathic  iron  ore,  cerussite,  j^yro- 
morphite,  nacrite,  cerargyrite,  limonite,  arsenious  oxide,  specular 
iron  ore,  rutile,  pitchblende,  arsenic,  polybasite,  acanthite,  freies- 
lebenite,  tetrahedrite,  copper  pyrites,  mispickel  and  realgar. 

Von  Herder  has  enumerated  about  340  veins  as  belongrincf  to 
this  formation,  which  are  found  chiefly  in  the  neighbourhood  of 
Brand  and  Erbisdorf  The  Traugott,  Carl,  Ludwig,  Hlilfe-Gottes 
and  Gottholder  lodes  of  the  Beschert-Gliick  Mine,  and  the  Felix  and 
David  lodes  of  the  Himmelsfiirst,  are  characterised  by  the  presence 
of  diallogite  and  brown  S23ar.  On  the  other  hand,  the  gangue  of 
the  following  lodes  is  more  largely  composed  of  quartz  or  semi-opal 
with  proi3ortionately  little  brown  sj)ar,  namely,  the  Segeu-Gottes, 
Benjamin  and  Gesellschafts-Freude  of  the  Einigkeit,  and  the 
Beschert-Gliick  of  the  Himmelsfiirst  Mine. 

4. — Heavy  spar  forms  the  predominating  and  characteristic 
veinstone  of  the  lodes  of  the  Barytic  Lead  Formation,  in  which  it 
is  symmetrically  arranged  in  jmrallel  layers,  between  which  occur 
thin  bands  of  galena,  blende,  jiyrites,  cpiartz  and  fluor  spar.  The 
centre  of  the  lode  sometimes  contains  large  drusy  cavities  in  which 
occur  the  above-mentioned  minerals  associated  with  rich  silver  ores 
and  various  beautifully  crystallised  carbonates.  In  addition  to  the 
foregoing  characteristic  minerals  the  lodes  belonging  to  this  class 
contain  the  following,  namely :  agate,  opal,  gypsum,  pseudomorphs 
after  apatite,  calc  spar,  pearl  spar,  brown  spar,  spathic  iron  ore, 
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cerussite,  pyromorphite,  eiythrine,  uacrite,  beryl,  chloropal,  cerargy- 
rite,  liinonite,  specular  iron  ore,  pitchblende,  native  silver,  arsenic, 
bismuth,  clausthalite,  bournonite,  stephanite,  ^jolybasite,  argentite, 
tetrahedrite,  copper  j)iyites,  cobaltine,  smaltine,  copper-nickel, 
millerite,  pyrostilpnite,  jiyrargyrite  and  realgar.  Portions  of 
these  lodes  are  not  unfrequeutly  found  to  have  become  brecciated 
through  the  repeated  opening  of  the  vein  fissure,  and  fragments  of 
comby  veinstone  which  have  thus  become  detached,  have  been  re- 
united in  positions  very  different  from  those  which  they  originally 
occupied.  A  concentric  banded  structure,  resultiDg  in  cockade  ores, 
is  by  no  means  unfrequent  in  these  lodes,  some  of  which  are  as 
much  as  seven  feet  in  width.  The  Halsbriicke  vein  may  be  re- 
garded as  the  finest  example  of  a  vein  belonging  to  this  formation. 
Von  Herder  enumerates  about  130  veins  as  being  of  this  class. 

The  lodes  belonging  to  these  different  formations  do  not,  how- 
ever, always  exhibit  any  distinct  or  characteristic  peculiarities,  and 
in  some  cases  their  classification  becomes  extremely  difficult,  since 
minerals  of  comparatively  recent  age  are  often  found  associated  in 
the  same  veins  with  others  belonging  to  a  much  earlier  period. 
This  may  probably  be  explained  either  by  a  previous  incom- 
plete filling  of  the  fissure,  or  by  its  having  been  repeatedly 
re-opened. 

These  lodes,  which  are  distributed  in  nearly  parallel  zones,  have 
been  classified  by  v.  Beust  ^  into  the  four  following  groups,  in 
accordance  with  the  direction  of  their  strike. 

<(.  The  first  group  consists  of  a  number  of  lodes  whose  strike 
is  from  north-east  to  south-west,  with  a  nearly  perpendicular' dip, 
so  that  the  layers  of  gneiss,  which  are  almost  horizontal,  are  cut 
through  nearly  at  right  angles  to  their  bedding.  Their  veinstone 
belongs  partly  to  the  Noble  Lead  Formation  and  partly  to  the 
Pyritic  Lead  and  Copper  Formation. 

h.  The  strike  of  lodes  belonging  to  the  second  group  is  ^nearly 
from  north  to  south,  and  the  dip  is  much  less  considerable  than 
that  of  the  lodes  above  described.  They  form  two  nearly  jDarallel 
bands,  the  one  south  of  Freiberg,  between  Striegis  and  the  Three 
Crosses,  and  the  other  between  the  town  of  Freiberg  and  the  River 
Mulde.  The  matrix  of  the  more  southerly  group  belongs  princi- 
pally to  the  Noble  Lead  Formation,  while  that  of  the  other,  on  the 
contrary,  belongs  to  the  Pyritic  Lead  Formation.  Both  of  these  in- 
tersect group  a  at  acute  angles,  and  give  rise  to  a  local  enrichment 
of  the  ores. 

^  V.  Beuat,  Btrg.  und  HUttenm.  Ztitunij,  1881,  p.  377. 
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c.  A  third  principal  strike  is  from  south-Gcast  to  north-west ;  the 
lodes  coursing  in  this  direction  nearly  all  belong  to  the  Pyritic  Lead 
Formation,  and  are  scattered  over  a  considerable  area  between 
Langenau  and  Freiberg.  On  the  south-west  of  Freiberg  they  dip, 
for  the  most  part,  towards  the  south-west,  but  on  the  north-east  of 
that  town  their  dip,  although  almost  jaerpendicular,  is  towards  the 
north-east.  They  intersect  and  frequently  displace  the  groups  a 
and  Ij,  such  intersection  being  often  characterised  by  an  increase  in 
the  richness  of  the  ores. 

d.  The  fourth  group,  of  which  the  strike  is  north-east  and  south- 
west, and  the  dip  north-west,  consists  of  lodes  belonging  to  the 
Noble  Quartz  Formation,  comprised  within  a  band,  fifteen  miles  in 
length  and  five  in  breadth,  extendino^  from  Nossen  and  Oederan  to 
the  north-west  of  Freiberg.  Although  these  lodes  in  their  general 
direction  resemble  those  of  class  a,  they  have  a  very  different 
matrix,  and  their  direction  is  somewhat  more  variable. 

In  addition  to  the  foregoing  predominating  directions  of  strike, 
many  of  the  lodes  in  the  Freiberg  district  follow  intermediate 
courses,  and  therefore  cannot  be  classified  under  any  of  the  pre- 
ceding groups.  Isolated  veins  frequently  occur  towards  the  limit 
of  the  mining  field,  especially  in  the  neighbourhood  of  Frauenstein, 
Ammelsdorf,  Hockendorf  and  Dippoldiswalde.  Throughout  the 
whole  district  the  ground  in  the  vicinity  of  the  principal  lode- 
junctions  has  been  that  most  extensively  worked.  The  whole 
of  the  lodes  in  the  district  around  Freiberg,  with  perhaps  the 
exception  of  those  belonging  to  the  Barytic  Lead  Formation, 
appear  to  be  in  some  way  in  connection  with  the  dykes  of  quartz- 
porphyry  which  traverse  the  gneiss  of  this  region,  and  are  usually 
intersected  by  the  lodes.  Boulders  of  this  porphyry  are  found  in  the 
neighbouring  upper  Bothliegendes,  while  tuffs,  apparently  resulting 
from  eruptions  of  the  same  rock,  are  found  in  the  lower  Rotldicgcndes 
of  the  same  district ;  it  is  therefore  probable  that  the  Freiberg  lodes 
belong,  as  a  whole,  to  the  period  of  the  upper  Bothliegendes. 

The  deepest  sinking  in  the  Freiberg  district  is  at  the  Abraham 
shaft  at  the  Himmelfahrt  Mine,  which  was  297  fathoms  deep 
in  1881,  the  average  depth  of  the  other  shafts  being  about 
165  fathoms.  Not  much  sinking  has  been  done  in  more  recent 
years,  most  of  the  newer  develoiDments  having  been  in  a  horizontal 
direction. 

In  the  year  1881  the  Freiberg  district  produced  27,59-i  tonnes 
of  ore,  worth  £211,221.^     The  Himmelfahrt,  the  most  important  of 

1  JahrhiLch  fib-  das  Berg  und  Hiittemcesen  im  Konigreiche  Sachsen,  1883,  p.  19. 
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the  Freiberg  mines,  yielded  13,235  tonnes  of  silver,  lead,  and  copper 
ores,  ■svorth  £66,110.  The  Himmelsfurst  Mine  at  Brand  produced 
6,613  tonnes  of  ore,  worth  £61,164.  The  Vereinigt-Feld  Mine  at 
Brand  produced  1,323  tonnes  of  ore,  worth  £8,496. 

In  1894  the  Himmelfahrt  Mine,  with  which  some  smaller  work- 
inc^s  had  been  amalgamated,  jDroduced  12,847  tonnes  of  ore,  worth 
£44,190,  and  the  Hinimelsfiirst  Mine  8,377  tonnes,  worth  £26,718. 
The  Vereinigt-Feld  Mine  and  four  others  are  now  amalgamated  and 
known  as  the  Mittelgrube  ;  this  produced  4,563  tonnes,  worth 
£26,150.  These  three  together  with  the  Behilfe-Kurprinz  Group, 
which  produced  1,437  tonnes  of  argentiferous  lead  ores,  worth 
£7,600,  make  up  the  State-owned  mines  of  the  Freiberg  district, 
their  total  output  being  thus  27,757  tonnes,  valued  at  £105,890 
for  1894.  The  privately  owned  mines  of  this  district  only  pro- 
duced ores  to  one-third  of  the  above  value.^ 

Silver  ore  was  discovered  at  Schneeberg^  in  1410,  but  the 
mines  were  not  worked  until  1471,  when,  owing  to  rich  dis- 
coveries having  been  made,  miners  flocked  in  great  numbers  from 
all  sides  in  such  a  w^ay  that  the  new  town  on  the  Schneeberg, 
in  the  course  of  a  few  years,  numbered  12,000  inhabitants.  The 
richest  mine  was  the  St.  George  which,  in  1477,  yielded  ore  from 
which  twenty  tonnes  of  silver  were  obtained.  The  yield  of  the 
Schneeberg  must,  in  the  first  thirty  years,  have  been  very  large, 
and  from  the  year  1471  to  1500  it  is  said  to  have  yielded  more 
than  160  tonnes  of  silver.  In  1482,  166  mines  were  at  work  upon 
the  Schneeberg,  and  the  ore  obtained  was  smelted  at  Zwickau. 
The  yield  of  silver,  however,  rapidly  decreased  during  the  sixteenth 
century,  and  the  production  is  now  insignificant.  On  the  other 
hand,  the  mining  of  cobalt  ores,  which  were  discovered  in  1561, 
still  continues  to  be  of  some  importance. 

The  Schneeberg  consists  of  large  masses  of  granite  surrounded 
by  mica  schists  and  clay  slates.  The  lodes  usually  occur  in  the 
latter  rock^,  but  are  more  rarely  found  in  granite,  their  strike  being 
so  variable  as  to  result  in  a  perfect  network  of  veins.  According 
to  their  composition  and  relative  ages  H.  Mliiler  distinguished  : — 
1.  Copper  ore  veins.  2.  Quartz  veins  destitute  of  ore.  3.  Pyritic 
lead  veins.  4.  Barytic  veins.  5.  Cobalt  veins.  6.  Iron  ore  veins. 
(1.)  The  copper  veins  strike  N.  15°  to  60°  E.,  dip  to  the  north-west, 
and  contain   quartz  with  copper  pyrites,  erubescite,  fahlerz,  &c., 

1  Jdlirhurh  fiir  das  Bery  und  Hiittenwesen  im  Koniyreiche  Sachseii,  1895,  p.  34. 

-  H.  Miiller,  Cottars  Gaiig-stiidien,  iii.  p.  1.  B.  v.  Cotta,  Die  Lehre  von 
den  Ei-zla<jer>>tdtten,  ii.  p.  46.  JaJirhiirh  fiir  das  Berg  und  Hiittemixsen  im 
KOniyreiche  Sarh'^en,  1883,  p.  67. 
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and  sometimes  galena,  blende,  iron  pyrites  and  arsenical  pyrites. 
(2.)  The  quartz  veins  strike  from  N.  60°  to  75°  E.,  dip  from  45°  to 
80°  north-west,  and  very  rarely  contain  ores,  (3.)  The  pyritic  lead 
veins  strikefrom  north-west  to  south-east,  and  dip  to  the  south-west ; 
they  contain  quartz,  pyrites,  blende  and  galena.  (4.)  The  barytic 
veins  yielded,  in  the  fifteenth  and  sixteenth  centuries,  astonishing 
riches  in  silver  ore.  They  strike  from  north  to  south,  dip  at  a 
considerable  angle,  and  contain  heavy  spar,  fluor  spar,  calc  spar, 
quartz,  silver,  lead,  cobalt,  nickel  and  bismuth  ores.  (5.)  At 
Schneeberg  the  cobalt  veins  are  now  the  most  important.  They 
are  nearly  150  in  number,  and  their  direction  is  very  various. 
These  veins  contain  quartz  and  hornstone,  with,  more  rarely,  cal- 
cite  and  brown  spar,  also  cobaltine,  native  bismuth,  iron  pyrites, 
galena,  pyrargyrite,  native  silver,  and  various  other  minerals, 
some  of  which,  particularly  ores  of  uranium,  are  rare.  (6.)  The 
iron  lodes  sometimes  attain  a  thickness  of  ninety  feet,  and  are 
filled  with  hornstone,  quartz,  amethyst,  compact  hasmatite,  and 
brown  and  yellow  iron  ores.  The  veins  occur  on  the  borders  ot 
the  granite  or  porphyry  and  the  crystalline  slates.  Similar  lodes 
occur  at  Marienberg,  Annaberg,  Joachimsthal,  Johanugeorgen- 
stadt,  and  other  localities  in  the  Erzgebirge.  A.  v.  Groddeck 
considers  these  lodes  as  typical  examples  of  veins  which  contain 
cobalt  and  nickel  ore,  rich  silver  ores,  various  gangues,  and 
numerous  subordinate  minerals. 

The  Schneeberg  mines  during  the  year  1881  produced  in 
tlie  ao-oresfate  158  tonnes  of  nickel  and  cobalt  oi'es,  of  the  total 
vahie  of  £5,902,  together  with  1,315  tonnes  of  silver  ore,  and  59 
tonnes  of  bismuth  ore,  worth  £3,292  and  £16,933  respectively. 
In  1894  their  production  was  unimportant,  being  only  872  tonnes 
of  cobalt  and  nickel  ores,  and  1  tonne  of  pitchblende,  worth 
tooether  about  £32,000,  from  the  Schneeberger-Kobaltfeld  Mine, 
and  2  tonnes  of  bismuth  ore,  valued  at  £300,  from  a  neighbouring 
working. 

Minino-  was  commenced  at  Marienberg  ^  in  1521,  on  a  j)lateau 
of  oneiss  lying  between  the  Bockau,  the  Schletten,  and  the 
Zschopau  rivulets.  This  gneiss  is  traversed  by  veins  containing 
silver  and  tin  ores,  which  vary  in  width  from  two  to  thirty  inches, 
and  which  traverse  one  another  in  such  a  way  as  to  form  a  compli- 
cated network.  About  140  silver  veins  are  known  at  Marienberg, 
of  which  the  gangue  consists  of  decomposed  gneiss,  clay,  quartz, 

1  H.   Miiller,   Cottar  Gangstudien,   iii.   p.   ^Ou.     Jahrhurh  fiir  das  Benj  nnd 
Hiittenivesen  im  Konigreiche  Sachsen,  1883,  p.  34. 
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fiuor  spar  and  heavy  spar,  which,  in  addition  to  various  ores  of 
silver,  contain  copper  ores,  galena,  blende,  and  ores  of  cobalt  and 
nickel.  The  tin  veins,  which  were  formerly  worked  chiefly  in  the 
Martersberg  and  Wildesberg,  are  essentially  composed  of  quartz 
and  clay  in  which  oxide  of  tin  is  sparingly  disseminated.  At  the 
end  of  the  seventeeth  century  about  twenty-five  tonnes  of  tin 
were  annually  produced  at  Marienberg  ;  in  the  middle  of  the  last 
century  the  annual  production  was  only  15  tonnes,  from  which 
time  up  to  1850,  when  operations  were  suspended,  the  production 
did  not  exceed  10  tonnes  per  annum.  No  tin  was  produced  in 
1881,  but  111  tonnes  of  silver  ore,  worth  £7,649,  were  obtained 
from  the  Vater-Abraham  Mine  at  Marienberg.  This  same  mine 
was  the  only  one  in  operation  in  this  district  in  1894,  in  which 
year  it  produced  65  tonnes  of  silver  ore,  valued  at  £2,760. 

Near  Annaberg  the  gneiss  of  the  Pohlberg  is  frequently 
broken  through  by  basalt,  by  which  rock  in  some  places  it  is  also 
overlain.  Several  silver  veins  occur  in  this  locality,  and  many  of 
them  have  been  extensively  worked.  The  lodes,  of  which  the 
strike  is  nearly  east  and  west,  are  usually  only  a  few  inches  in 
thickness,  and  have  a  gangue  composed  of  quartz  and  fluor  spar, 
with  occasionally  a  little  heavy  spar.  In  these  veins  are  found 
native  silver,  pyrargyrite  and  argentite,  together  with  ores  of 
cobalt,  nickel  and  copper.  Numerous  remains  of  ancient  tin- 
streams  may  still  be  traced  in  the  wooded  district  south  of 
Annaberg,  but  no  ore  has  been  raised  in  it  for  some  time. 

The  Schwarzenberg  district  ^  consists  chiefly  of  mica  schists 
through  which  protrude  various  masses  of  granite  which  are 
generally  surrounded  by  gneiss,  and  are  frequently  traversed 
by  greenstones  and  by  other  eruptive  rocks.  The  ore  deposits  of 
this  region,  now  of  comparatively  small  commercial  importance, 
consist  of  bed-like  veins  associated  with  greenstones,  and  con- 
taining small  quantities  of  many  different  ores,  and  of  various 
lodes  of  haematite. 

In  the  neighbourhood  of  Johanngeorgenstadt  and  Eibenstock 
there  are  numerous  veins  and  branches,  chiefly  in  the  granite,  con- 
taining iron  ores  with  a  little  oxide  of  tin,  while  in  the  mica 
schist  of  the  Fastenberg  there  are  veins  containing  silver  and 
cobalt.  The  strike  of  the  tin  lodes  is  very  variable  and  their  dip 
in  every  way  irregular ;  their  filling  closely  resembles  granite,  and 

^  Oppe,  Cotta's  Gangstudien,  ii.  p.  132.  B.  v.  Cotta,  Die  Lehre  von  den 
Ei-zlaijerstiitten,  2ncl  ed.  ii.  p.  37.  Jahrbuch  fiir  das  Berg  mid  Hiittenwesen, 
1883,  p.  67. 
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tin  ore,  when  present,  generally  occurs  either  in  jjockets  or  in 
ribbons.  In  addition  to  ores  of  iron  and  tin  these  veins  contain 
many  subordinate  minerals,  including  wolfram  and  molybdenite, 
with  occasionally  galena  and  native  gold.  In  the  vicinity  of  metal- 
liferous o-reenstones  the  veins  of  this  district  contain  ores  of  silver, 
cobalt  and  bismuth. 

The  lodes  producing  iron  ores  sometimes  occur  singly,  but  are 
at  others  associated  in  groups,  one  of  the  most  important  of 
which  intersects  the  mass  of  granite  a  little  east  of  the  town  of 
Eibenstock.  They  also  frequently  occur  as  contact  deposits  between 
granite  and  mica  schist,  and  are  more  numerous  in  the  granite  than 
in  the  latter  rock,  which  they,  however,  sometimes  follow  along  its 
line  of  strike.  As  subordinate  minerals  these  veins  contain  various 
ores  of  copper  and  bismuth,  and  in  1834<  seams  of  anthracite,  some- 
times as  much  as  five  inches  in  thickness,  were  found  extending  for 
a  distance  of  nearly  forty  feet  in  a  lode  of  htematite  at  the  Lorenz 
Mine,  at  Rehhlibel.  The  lode  at  this  point  consisted  j)riucipally  of 
fragments  of  granite,  schist,  quartz,  hornstone,  &c,,  embedded  in 
clay,  and  the  anthracite  appears  to  have  been  derived  from  the 
adjoining  mica  schist  which,  locally,  contains  seams  of  coaly  matter, 
fragments  of  which  had  fallen  into  the  vein-fissure,  together  with 
pieces  of  the  country  rocks.  The  texture  of  these  lodes  is  irregular 
and  granular,  and  they  seldom  show  any  indication  of  a  comby 
structure ;  the  wall  rock  is  often  strongly  impregnated  with  iron 
for  a  great  breadth  on  either  side  of  the  vein. 

In  the  year  1881  the  Johanngeorgenstadt  mines  produced  2f 
tonnes  of  bismuth  ore,  worth  £1,933,  this  being  the  sum  of  the 
production  of  five  different  mines.  In  1894  the  total  production 
was  only  2,817  tonnes  of  ore,  chiefly  of  bismuth  and  cobalt,  valued 
at  £2,973 ;  one  mine,  the  Stamm-Assen-Fundgrube  produced 
1,767  tonnes  of  these  ores. 

The  tin-producing  district  of  Altenberg  and  ZinnwaldMs  situated 
in  the  Saxon  Erzgebirge,  between  Freiberg  and  Teplitz. 

Tin  was  discovered  at  Altenberg  in  1458,  and  for  a  number  of 
years  from  250  to  300  tonnes  of  metallic  tin  were  produced  annually. 
The  production  from  1516  to  1523  was,  on  an  average,  175  tonnes 
of  tin  per  annum.  This  decreased  about  the  middle  of  the  sixteenth 
century  to  only  100  tonnes.  The  Altenberg  tin  stockwork  (see 
page  170)  is  a  peculiar  mass  of  granite  continuing  to  an  unknown 
depth,  surrounded  by  quartz-porphyry,  granitic  porpliyry,  and 
granite.  The  technically  important  part  of  the  deposit  is  the 
1  H.  ^liillei',  Btrij.  und  Hiittenm.  Zdt.  18(55,  p.  ITS  ;  E.  Reyer,  Zinn,  1881,  p.  6. 
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Zivitter  or  stockivorh-2Jorp]iyry ,  which  is  a  dark-coloured  rock 
consisting  of  quartz,  mica,  and  finely  divided  tinstone  ;  in  addition 
to  these,  arsenical  pyrites,  copper  pyrites,  iron  pyrites,  iron  glance, 
wolfram,  native  bismuth,  tluor  spar  and  other  rarer  minerals  are 
found  in  veins.  As  there  is  neither  a  felsitic  ground-mass, 
nor  are  any  large  crystals  sej)arated  out,  the  name  Stochuxrks- 
porphyr  used  by  the  miners  is  petrograjjhically  unsuitable,  and  the 
name  ZvjiUer  is  to  be  preferred.  This  rock  is  said  to  yield  from 
i  to  ^  per  cent,  of  tin  ore,  and  is  traversed  in  all  directions 
by  quartz  veins,  which  contain,  in  acklition  to  the  minerals  of 
the  Zivitter,  molybdenite,  bismuth  glance,  &c.  They  also  contain 
red  clays,  quartz,  and  a  little  tin  ore.  The  wall  rock,  whether  con- 
sisting of  granite,  syenite,  porphyry,  or  other  material,  is  always 
stanniferous.  These  veins,  often  reaching  a  thickness  of  four 
inches,  dip  at  a  great  angle,  and  form  groups  which  traverse  the 
stockwork  and  reach  the  adjacent  porphyries  and  granites,  where 
they  are  worked  as  isolated  lodes. 

The  production  of  the  Altenberg  and  Zinnwald  districts  in  1880 
amounted  in  value  to  £17,000.  This  included  tin  ore  to  the  value 
of  £9,105  from  two  mines  at  Altenberg,  and  tin  ore  worth  £53 
from  a  mine  at  Zinnwald ;  the  remainder  principally  consisted  of 
iron  ores.  In  1894  the  production  was  1,013  tonnes  of  iron  ores, 
worth  £354,  211  tonnes  of  dressed  tin  ore,  worth  £4,739,  and  39 
tonnes  of  wolfram,  worth  £1,149.  The  Vereinigt-Feld  Mine  at 
Altenberg  and  Vereinigt-Zwitterfeld-Fundgrube  at  Zinnwald  were 
the  principal  producers. 

Geyerand  Ehrenfriedersdorf  in  Saxony,  with  Flatten  in  Bohemia, 
constitute  the  second  tin  district  of  central  Europe.  Tin  ores  here 
occur  not  only  in  granite,  but  also  in  fissures  in  the  adjacent  slates. 
The  stockwork  of  Geyer  resembles  that  of  Altenberg,  being  an 
irregular  conical  mass  of  granite  with  an  ellipsoidal  base,  enclosed 
in  gneiss  and  mica  schists.  In  the  granite  there  are  innumerable 
veins,  varying  from  -^  inch  to  4  inches  in  thickness,  which  form 
nineteen  distinct  groups  striking  N.  45°  to  60°  E.  and  dipping 
from  70°  to  80°  towards  the  north-west.  They  continue  into  the 
adjacent  gneiss  and  mica  schists,  with  the  same  strike  and  dip. 
The  veins  contain  principally  quartz,  with  tinstone,  arsenical 
pyrites,  beryl,  topaz,  apatite  and  fluor  spar.  Manes  ^  has  cal- 
culated that  the  Geyer  mines  produced,  during  the  period  from 
1400  to  1778,  6,730  tonnes  of  metallic  tin.  No  tin  ore  was 
raised  at  Geyer  in  1880.     Ehrenfriedersdorf  produced,  during  the 

^  Maiies,  Aivi.  de.s  Jline-^,  1824,  p.  288. 
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period  from  1490  to  1497,  from  60  to  90  tonnes  of  tin  per 
annum,  and,  from  1507  to  1520,  50  to  60  tonnes  were  annually 
produced.  In  1695,  68  tonnes  were  produced,  and  at  the  begin- 
ning of  the  last  century  from  180  10  200  tonnes  of  tin  were  annually 
raised;  in  1770  the  yield  was  only  60  tonnes.  At  the  end  of  the 
eighteenth  century  the  production  decreased  to  25  tonnes,  and 
continued  between  10  and  20  tonnes  until  the  mine  was  closed 
in  1870. 

The  production  of  iron  ores  in  the  Erzgebirge  is  very 
small.^  During  the  year  1881,  the  Neue  Silberhoffnung  Mine 
at  Schwarzenberg  produced  1,380  tonnes  of  iron  ore,  worth  £835, 
and  the  Rother  Adler  3,608  tonnes  of  iron  ore,  worth  £2,128. 
In  the  Fichtelgebirgre,  between  Stenn,  near  Zwickau,  and  Christ- 
grlin,  iron  ores  occur  in  association  with  diabase  and  siliceous 
slates.  In  1881  the  Frischgllick  Mine  at  Stenn  yielded  599 
tonnes  of  iron  ore,  worth  £239,  the  other  mines  in  the  district 
producing  nothing.  In  1894  the  total  production  of  iron  ores  was 
but  1,043  tonnes. 

The  value  of  the  total  production  in  Saxony  of  ores  of  every 
description  during  the  year  1881  amounted  to  £273,691. 

In  1894  2  the  total  production  of  the  metalliferous  mines  of 
Saxony  was  39,030  tonnes,  valued  at  £186,160;  the  main  items 
were  as  follows  : — 

Tonnes.  £ 

Silver  ores  (including  argentifei'ous  lead,  etc.,  ore)  14,628  99,950 

Arsenical,  iron,  and  copper  pyrites 13,0-4.5  6,698 

Galena " 3,412  3.5,148 

Bismuth,  nickel,  and  cobalt  ore 2,980  3.5,102 

•      Wolfram 39  1,149 

Tin  ores 211  4,739 

The  principal  metals  reduced  from  the  above  ores  at  the 
Freiberw  smelting  works  were  : — 

Silver 31,636  kilogr. 

Lead 4,619  tonnes. 

Copper 21       ,, 

Zinc 135       ,, 

Tin      51       ,, 

The  ore-production   of  Saxony  has,  however,  been  in  a  retro- 

^  Jahrhiu'h  filr  das  Ber>j.  mid  Hiittenvestn  im  Koiu'tjreiche  Sachsen ,  1883,  p.  44. 
Ibid.  1895,  p.  73. 
-  Ibid.,  pp.  72, 
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grade  condition  for  a  good  many  years,  as  is  sliown  by  tiie  following 
table  ^  of  total  outputs  of  ore  since  1890  : — 

Year.  Tonnes.  & 

1890 45,638  281,000 

1891 51,633  280,400 

1892 48,538  254,800 

1893 40,376  218,500 

1894 39,030  186,100 

Silesia-. — About  the  beginning  of  the  twelfth  century,  gold 
mining  was  commenced  with  great  success  at  Goldberg,  while 
copper  inining  at  Kupferberg  and  Rudolstadt,  and  iron  mining  near 
Schmiedeberg  were  begun  at  nearly  the  same  time.  Agricola 
mentions  the  mines  of  Reichenstein  and  Altenberg,  where  a  gray 
pyrites  was  smelted  for  gold  and  silver.  In  Upper  Silesia  the 
oldest  mining  was  for  lead  ores  at  Scharley,  Dombrowka,  and 
Beuthen ;  it  was  commenced  in  the  twelfth  century,  but  was 
abandoned  in  1863  on  account  of  the  increasing  quantities  of 
water.  j\linincf  was  resumed  in  1.526  at  Tarnowitz,  where  it  was 
still  flourishing  in  1552,  and  in  spite  of  the  plague  of  that  year, 
the  mines  of  the  district  yielded  no  less  than  5,000  marks  of  fine 
silver  and  650  tonnes  of  lead.  This  industry  was  finally  stopped 
by  the  Thirty  Years'  War,  and  was  only  partially  resumed  in  1784. 
In  1860  lead  mininor  was  re-commenced  at  Beuthen,  and  in  1881 
Upper  Silesia  produced  no  less  than  21,084  tonnes  of  argentiferous 
lead  ores,  representing  a  value  of  £154,617.^  In  1894*  the  output 
was  32,508  tonnes,  valued  at  £114,500,  being  an  increase  of  nearly 
50  per  cent,  in  quantity  and  a  decrease  to  nearly  the  same  extent 
in  value,  owing  to  the  fall  in  the  prices  of  the  two  essential  con- 
stituents of  the  ores  since  the  former  date. 

Calamine  mining  at  Beuthen,  on  which  the  present  important 
zinc  industry  of  Silesia  is  chiefly  founded,  is  of  much  more  recent 
date.  In  1560,  calamine  was  mined,  roasted,  and  sent  to  Holstein 
and  Sweden  for  the  direct  manufacture  of  brass.  This  industry  first 
became  important  about  the  close  of  the  eighteenth  century,  and  in 
1792  there  were  produced  900  tonnes  of  calamine.  Upper  Silesia 
yielded  in  1881,  from  fifty  mines,  553,487  tonnes  of  zinc  ore, 
representing  a  value  of  £357,307,  and  gave  employment  to  9,587 
workmen.^     By   1894  the  volume  of  the  industry  had  undergone 

1  Jahrhurh  fib'  das  Berg.  7md  Huftemcesen  im  Konifjreiche  Sachsen,  1895, 
p.  89. 

"  V.  Carnall,  Zeitachr.  f.  Benj.  Hiitt.  u.  Salintnu:,  1853,  p.  3.  Pietsch,  ihid. 
xxi.  1873,  p.  292. 

»  Ihid.  XXX.  1882,  p.  182.  ^  Ihid.  xliii.  1895,  p.  151. 

5  Ztit-schr.  f.  Btrg.  Hiitt.  n.  Scdinenu:  xxx.  1882,  p.  176. 
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no  very  marked  cliange  :  9,726  men  were  employed  in  the  mines 
and  the  output  for  the  year  was  589,240  tonnes  (55  per  cent, 
calamine  and  45  per  cent,  blende)  valued  at  £254,790.  For  the 
last  twenty  years  the  output  seems  to  have  been  fairly  steady  at 
between  500,000  and  600,000  tonnes  per  annum,  representing 
about  80  per  cent,  of  the  total  zinc  ore  production  of  Germany. 
Here,  as  in  other  zinc  mining  districts,  the  proportion  of  blende  is 
gradually  increasing,  whilst  that  of  calamine  is  proportionately 
diminishing.  The  quantity  of  metallic  zinc  produced  in  Silesia 
in  1894  was  92,544  tonnes.^ 

The  elevated  plateau  of  Upper  Silesia  bordering,  towards  the 
east,  on  Russian  Poland,  is  covered,  superficially,  by  deposits  of 
alluvium,  beneath  which  various  older  formations  occur  in  the 
following  order,  and  usually  without  interruption  : — 

1.  Tertiary. 

2.  Cretaceous. 

3.  Jurassic. 
Keiijjer    Sandstone    with     beds    of     clay 

ironstone. 

4.  Triassic  "   IluschcIJcaUc,    accompanied    by    deposits    of 

zinc,  lead,  and  iron  ores. 

Bunter  Sandstone. 

5.  Carboniferous  rocks  containing  beds  of  sphasrosiderite. 
These  formations  extend  into  Poland. 

The  most  important  metalliferous  ores  of  Upper  Silesia  are 
calamine,  galena,  and  iron  ores  in  the  Iluschdhdl',  ironstones  ia 
the  Keuper,  and  sphserosiderite  in  the  Carboniferous  formation. 

In  Upper  Silesia,  and  in  Poland,  the  deposits  containing  zinc 
and  lead  ores  are  enclosed  in  beds  of  crystalline  dolomite  of  the 
lower  Mnschell'ii/l',  sometimes  called  the  ore-bearing  dolomites. 
Brown  iron  ore  forms  irregular  beds  and  nests  in  the  limestones 
and  dolomites  of  the  lower  MuschelkalJc,  and  with  it  are  found  ores 
of  zinc.  The  most  important  zinc  ore  deposits  occur  in  dolomites 
which  have  been  deposited  in  troughs  in  the  Sohlenlxdhstein  or  floor- 
limestone  (also  spoken  of  by  the  miners  as  the  l)hte  floor),  of  the 
lower  Mnschelkalk,  and  extend  from  Tarnowitz  in  an  east-south- 
east direction  through  Beuthen  into  Poland.  The  upj^er  Silesian 
zinc  ores  consist  partly  of  carbonate  and  silicate  of  zinc,  with  com- 
pact blende,  but  principally  of  zinciferous  brown  ironstone, 
zinciferous  dolomite  containing  iron,  "  red  calamine,"  and  of 
zinciferous  clays  and  floor-limestone  known   as  "  white  calamine," 

1  Ztltschr.f.  Bery.  Iliitt.  u.  Sa/ineinr.  xliii.  189.),  p.  139. 
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this  "  white  calamine  "  appearing  to  be  an  ore  formed  by  metaso- 
matic  replacement  of  portions  of  the  floor-limestone.^  In  these 
deposits  the  white  calamine  usually  forms  the  lower  bed,  and  red 
calamine  the  upper.  Galena  occurs,  sometimes  in  the  form  of 
grains  in  the  dolomite,  sometimes  as  strings  or  perhaps  as  gash 
veins  in  the  dolomite,  and  at  others  as  seam-like  deposits  either  at 
the  junction  of  the  floor-limestone  and  dolomite  or  immediately 
above.  The  thickness  of  this  bed  is  not  usually  more  than  Ih 
inches,  but  in  places  it  increases  to  2  feet  4  inches.  It  is  somewhat 
diflicult  to  account  for  the  origin  of  the  zinc  in  these  deposits,  but 
Runge  -  is  inclined  to  believe  that  the  calamine  is  the  result  of  the 
solution  and  concentration  of  finely  divided  zinc  ores  originally 
disseminated  in  the  dolomite.  The  fact  that  the  masses  of  calamine 
change  into  compact  blende  as  the  depth  increases  also  suggests 
that  the  ore  originally  deposited  was  blende,  which  has  subsequent!}' 
become  converted  into  calamine.  The  latter  opinion  seems  to  be 
now  generally  received. 

The  crystalline  ore-bearing  dolomite  occupies  a  series  of  basins 
in  the  synclinal  folds  of  the  floor-limestone,  the  anticlines  of  which 
sejDarate  the  different  mineral  districts ;  this  dolomite  has  been 
exposed  to  extensive  weathering,  leaving  residual  deposits  of  brown 
haematite,  into  which  some  of  the  smaller  dolomite  basins  have 
been  completely  converted.  This  seems  to  be  an  intelligible 
explanation  of  the  genesis  of  the  iron  ores,  which  has  been  pretty 
generally  accepted. 

At  the  calamine  mine  of  Citcile  in  Upper  Silesia  the  transition 
of  compact  blende  into  calamine  has  been  repeatedly  observed. 
This  mine,  to  a  depth  of  25  fathoms,  had  yielded  calamine  only, 
while  6  fathoms  deeper  the  ore  was  found  to  have  an  altered 
character,  consisting,  to  a  thickness  of  from  6  to  9  feet,  of  calamine, 
which  was  traversed  by  numerous  strings  of  blende,  and  contained 
large  masses  of  this  mineral  which  often  enclosed  fragments  of 
galena.  Many  specimens  of  ore  exhibited  a  kernel  of  blende  with 
an  external  covering  of  calamine.  In  1881  this  mine  produced 
36,789  tonnes  of  calamine,  8,45-i  tonnes  of  blende,  and  2,309  tonnes 
of  lead  ore.  As  the  workings  extended  in  depth  the  calamine  was 
more  and  more  replaced  by  blende  until  in  1894  the  output  Avas  : — ■ 

Calamine 5,467     tonnes. 

Blende 41,692 

Galena 2,675         „ 

^  Zeitschr.  f.  Berg.  Hiitt.  u.  Salinenw.  xxxii.  1884,  p.  333. 
"  Riinge  and  Rumer,  GeoJofjie  von  Oher-^chlesien,  1870,  p.  545. 
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In  the  Samuelsgliick  Mines  at  Gross-Dombrowka,  in  the  Neue 
Helena  Mines  at  Scharley,  and  the  Marie  at  Miechowitz,  deposits 
of  blende,  9  feet  in  thickness,  have  been  discovered. 

At  the  Friedrich  Mine  at  Tarnowitz  the  galena  deposits 
consist  of  many  irregular  bunches  of  ore,  and  the  Tarnowitz  miner 
also  distinguishes  a  hard-  and  a  soft-ore  bed.  The  hard-ore  bed  is 
formed  either  of  compact  galena,  usually  under  an  inch  in  thick- 
ness, but  sometimes  swelling  out  to  above  2  feet,  or  of  hard 
dolomite  containing  fissures  filled  with  compact  galena.  Where  the 
soft-ore  bed,  which  varies  in  thickness  from  10  inches  to  2  feet, 
occurs,  the  dolomite  is  divided  into  separate  rounded  blocks, 
between  which  is  found  a  yellowish  or  brownish  iron  ochre,  which 
contains  galena  in  irregular  lumps,  plates,  or  crystals ;  in  such  cases 
the  dolomite  itself  loses  its  light  colour  and  becomes  brown.  A 
bed  of  brown  iron  ore  is  frequently  found  above  the  soft-ore  bed. 
The  brown  colour  of  the  dolomite,  and  the  formation  of  the 
fissures  occurring  in  it,  are,  without  doubt,  both  due  to  the  same 
cause,  namely,  the  partial  solution  and  alteration  of  the  rock, 
the  iron  ochre  and  the  brown  iron  ore  being  residua  from  this 
process  of  decomposition.  The  soft-ore  bed  sometimes  appears  in 
another  form,  namely,  as  an  ochreous  or  bituminous  clay  with 
enclosures  of  galena,  as  in  the  Trockenberg  and  some  other 
districts.  The  galena  is  often  accompanied  by  cerussite,  anglesite, 
tarnowitzite,  and  heavy  spar,  the  latter  mineral  having  been  found 
only  in  a  trial  shaft  at  Stolarzowitz  in  beds  of  from  2f  to  4  inches 
in  thickness  above  the  fioor-limestone.  This  heavy  spar  contained 
galena,  and  was  in  places  much  disintegrated  and  decomposed. 
At  the  Friedrich  Mine  a  second  lead  ore  bed  is  known,  ten  to 
fifteen  fathoms  above  that  described  ;  it  is,  however,  much  more 
irregularly  developed.  After  a  long  and  steady  career  of  several 
centuries  this  mine  was  closed  down  in  1754  ;  after  a  lapse  of 
thirty  years  work  was  recommenced  and  continued  regularly.  By 
the  end  of  a  century  of  work,  in  1884,  it  had  produced  114,000 
tonnes  of  lead  ore  valued  at  at  £1,050,000. 

The  zinc  production  of  Upper  Silesia  has  developed  very 
rapidly ;  the  first  year  for  which  authentic  records  are  available  is 
1811,  in  which  year  604  tonnes  of  ore  were  produced.  The  next 
sixty  years  showed  an  output  of  about  eleven  million  tonnes  ;  that 
for  1881  and  1894  has  already  been  given  on  pages  421  and  422.  In 
1881  there  were  40  mines  at  work,  whilst  in  1894  this  number  had 
been  reduced  to  29  ;  the  output  of  individual  mines  was,  however, 
greater  at  the  latter  date,  as  is  seen  from  the  following  statements 
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of  the  productions  of  the  more   important  mines  in  each  of  the 
above  years  : — 

1881.1 


Name. 

Calamine.              Blende.        j      Ltail  Ore. 

Neue  Helene  (at  Beuthen)  . 
Scharlev . 

Tonnes.                 Tonnes.                 Tonnes. 

116,754  24,724  5,287 
55,640  —  293 
31.857  16,861  1,927 
12,617  33,736  968 
36,789  8.454  2,639 
18,789  5.781  2,239 
19,491                 —                        48 

Bleischarley 

Samuelsgliick 

Cacile 

Marie 

Elizabeth 

1891.2 


Name.                                Calamine.              Blende. 

1 
Lead  Ore. 

Tonnes. 

Xeue  Helene 82,202 

Bleischarley 79,770 

Samuelsgliick 49,068 

Scharlev 39,561 

Wilhelmsgliick 33,985 

Cacile 5,467 

Neuhof 2,595 

Cons.  Maria 1,903 

Jenny  Otto 10 

Cons.  Neue  Victoria     ...             — 

Tonnes.         |         Tonnes. 
65,523              12,625 
41,781                4,438 
33,241                   507 

—                    1,800 
41.692                2,675 
19,732                    848 
12,123                1,391 
27,854                3,036 

6,890                   293 

The  total  mineral  ^  production  of  Silesia  in  the  two  above  years 
is  shown  in  the  following  comparative  table  : — 


Calamine.     . 
Blende      .    . 
Lead  ore 
Copper  ore  . 
Iron  ores 
Nickel  ores 
Arsenic  ores 
Pyrites 


ISSl 

lS9t. 

1 
Quantity.    ' 

Va'uc. 

Quantity. 

Value. 

Tcmni's. 

£ 

Tunnes. 

£ 

4."i3.(kS7       1 

307  3<i7 

323,302 

^-2.54.798 

911,800      J 

265,938 

21,084 

154,617 

32,508 

114,551 

7,584 

2,654 

25 

171 

764,479 

132,644 

615,013 

170.195 





1,341 

2,682 





2.222 

4.444 

— 

— 

3,528 

1,265 

1  Zeitschr.f.  Berg.  Hiitt.  n.  Salinenw.  xxx.  1882,  p.  176. 
-  Hid.  xliii.  1895,  p.  140. 
3  md.  xliii.  1895,  p.  18. 
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In  1881,  a  single  mine,  Stilles-Glllck  at  Jauer,  was  producing 
copper,  but,  as  appears  from  the  table,  the  production  of  ores  of 
this  metal  had  all  but  come  to  a  close  in  1894. 

It  may  be  added  that  cadmium  is  chiefly  extracted  from 
Silesian  zinc  ores,  the  production  of  the  province  being  four  or  five 
tonnes  annually. 

With  respect  to  the  production  of  iron  ores  in  Silesia,  that  is 
to  say,  in  the  mineral  district  with  which  that  province  coincides, 
namely  Ohcrhcrgamtshezirk  Breslau,^  the  distribution  of  the  various 
kinds  raised  in  the  respective  years  was  as  follows: — 


Description. 

1S81.                                             1S04. 

Quantitj". 

Value.           Quantity. 

Value. 

Clay  and  brown  iron  ores  of 
Tertiary,  Jurassic,  and  Keu- 
per  ages     

Brown  iron  ores  of  the  Musrhd- 
Iccdk 

Clay  ironstone  and  spha?ro- 
siderite  of  the  Coal-measures 

Boc  iron  ores                    .    .    . 

Tonnes. 
I     2,361 

j  746,612 

j    15,031 
475 

& 
640 

127,012 

4,945 

47 

Tonnes. 
5,816 

573,994 
7,246 

27,957 

& 
1,340 

148,500 
2,452 

17,890 

Magnetic  iron  ores 

Totals 

764,479 

132,644 

615,013 

170,194 

Alsace-Lorraine. — This  German  State  produces  no  metalli- 
ferous minerals  with  the  exception  of  iron  ores  ;  the  whole  of  these 
are  derived  from  the  bedded  deposits  of  minette  to  which  reference 
has  already  been  made.  The  industry  is  of  comparatively  recent 
growth,  but  has  already  attained  very  considerable  dimensions ;  in 
1883  the  output  was  1,644,321  tonnes,  in  1890  it  was  3,256,270 
tonnes,  and  in  1893  it  was  3,607,233  tonnes,  and  in  1895  -  it  reached 
4,222,352  tonnes,  valued  at  £421,000. 

Luxembourg. — Very  similar  conditions  obtain  in  this  State, 
which  is  included  in  the  German  Customs  Union,  and  which  has 
important  deposits  of  iron  ore,  whose  production  is  generally 
included  with  that  of  Germany.  The  ores  occur  in  beds  which 
are  a  continuation  of  the  beds  of  minette  of  Alsace-Lorraine 
and   of  France,  which  have  previously   been  described  {see  pages 


1  Zdt-'ichr.  f.  Berg.  Hiitt.  v.  Srdinenw.  xliii.  1895,  p.  129. 
-  Otficiallv  communicateil. 
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827  and  353).  They  are  chiefly  worked  in  the  neighbourhood  of 
Esch,  where  four  beds  are  known.  The  upper  one,  close  to  the  sur- 
face, is  only  worked  in  jjlaces,  as  it  is  often  too  siHceous  to  be  worth 
exploiting.  At  varying  distances  below  the  first  is  a  bed  of  red  ore 
about  7  feet  thick ;  35  to  40  feet  below  this,  is  another  bed  8  feet 
to  16  feet  thick,  of  a  dark  gray  colour,  and  finally  23  feet  below 
this,  a  bed  of  brown  ore  about  9  feet  thick.  Their  position  is 
practically  horizontal  or  dipping  at  very  low  angles.  The  red  bed 
is  the  best,  the  ore  averaging  3S  to  89  per  cent,  of  iron,  whilst  the 
gray  and  brown  ores  average  86  to  38  per  cent.  The  beds  are 
found  to  diminish  both  in  number  and  thickness  as  they  extend 
southwards.^  The  annual  production  of  iron  ores  in  Luxembourg- 
is  shown  in  the  following  table  : — 


1883     .     . 

.     .     2,575,976  tonnes 

1890     .     . 

.     .     3,859,413 

1893     .     . 

.     .     8,351,938 

The  remaining  German  States  are  of  little  or  no  importance  as 
producers  of  metalliferous  minerals,  Bavaria,  Hessen,  and  Bruns- 
wick producing  a  little  iron  ore,  but  practically  nothing  else. 

For  example,  the  output  of  metalliferous  minerals  in  the 
extensive  kingdom  of  Bavaria  was  as  follows  during  the  year  1895,- 
when  it  did  not  differ  greatly  from  the  preceding  years,  although  a 
small  quantity  of  copper  ore  (650  tonnes)  was  raised  in  1893 :-  — 


Description. 

Weight. 

Value. 

Iron  ores      

Manganese  ores 
Pyrites 

Tonnes. 

147,159 

150 

1,955 

31,320 
22 
2,923            1 

1 

Total  value 

34,265            ' 

Their  relative  insignificance  may  also  be  seen  by  comparing  the 
tables  about  to  be  given  of  the  mineral  production  of  Prussia,  and 
that  already  given  of  Saxony,  with  the  output  of  the  entire  German 
Empire. 

1  Oesterr.  Zeitsch.  1892,  p.  601. 

'  Uebersicht  der  Produltion  de-i  Bergn-trhs — Betriehes  im  bayerischen  Sfaate  fi'ir 
das  Jalir  1895,  pp.  3,  4. 
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Production  of  Metalliferous  Minerals  in  Prussia  during 
THE  Year  1894.^ 


Description  of  Ore. 

Quantities. 

Values. 

Tonnes. 

* 

Iron  ore   

4,012,446 

1,228,244 

Zinc  ore  .    . 

727,645 

513,410 

Lead  ore      .                        .    . 

144,724 

580,018 

1     Copper  ore 

579,132 

802,516 

Silver  and  Gold  ores.    . 

6 

1,856 

Mercury  ore 

— 

— 

Cobalt  ore 

203 

1,148 

Nickel  ore  .    . 

1,341 

2,682 

Arsenic  ore 

2,222 

4,444 

Manganese  ore  .    . 

42,526 

19,790 

Iron  pyrites    ... 

123,149 

43,119 

Other  vitriol  ores  .    . 
Totals  . 

126 

37 

5,635,520 

3,197,264 

The  relative  importance  of  the  various  districts  of  Prussia  is 
well  shown  by  the  following  table  of  the  output  of  metalliferous 
minerals  in  each  Oherhcrgamtshezirl'  for  the  year  1895,  compiled 
from  information  kindly  supijlied  by  the  various  Ohcrhergamts- 
hczirlic : — 


Iron  ores  

Zinc  ores  

Lead  ores     .... 
Cojiper  ores     .    .    . 
Nickel  ores      .    .    , 
Arsenic  ores    .   .    . 

Pyrites     

Cobalt  ores      .   .    . 
Antimony  ores    .   . 
Manganese  ores  . 
Silver  ores    .... 

Breslau. 

Bonn. 

Halle. 

Clausthal. 

Dortmund. 

Quan- 
tity. 

Value. 

Quan- 
tity. 

Value. 

Quan- 
tity. 

Value. 

Quan- 
tity. 

Quan- 
tity. 

Tonnes 
482,863 
-.79,977 
30,756 

2,051 
3,046 
2,986 

A 
132,117 
281,099 
107,898 

820 
6,092 
1,303 

Tonnes 

2,420,188 

97,049 

77,253 

44,406 

6 

107,405 

19 

24 

39,882 

£ 

838,511 

188,366 

359.798 

6,520 

16 

36,428 

252 

44 

21,183 

Tonnes 
46,955 

. 

565,830 

1 

& 
9,997 

741,029 
1 

Tonnes 

400,721 
13,361 
45,706 
23,107 
101 

4,062 
12 

Tonnes 

334,365 

15,7-92 

1,175 

976 

1  Zeilsch.  f.  Btrg.  Hiitt.  n.  Salineniveaen,  xliii.  1895,  p.  20. 
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GEXEEAL    SrjlMARY    OF    THK    PRODrCTIOX    OF    METALLIFEROfS    MiXERALS    IX    THE 

GEK3IAX  Empire,  ixclusive  of  LrxEMBorRG,  DrKiXG  the  Year  1881.^ 


Description  of  Ore. 

Quantities. 

Values. 

1 

Iron  ore           

Tonnes.            '                 £ 
7,573,771                1,804,277 

Tin  ore     

164                     11,515 

Copper  ore 

Lead  oi'e  .        

Zinc  ore       

Iron  p^-rites 

Silver  and  Gold  ores     . 

Manganese  ore 

Cobalt  ore 

Xickel  ore 

Antimony  ore 

Arsenic  ore 

Bismuth  ore 

Uranium  ore 

Wolfram 

"\  itriol  ores 

523.696                   716,495 

164.770                    962,017 

659,530                    479,721 

125,057                      63,968 

26,787                   213,772 

13,642                      23,534 

191                     13,005 

6                            97 

77                          835 

867                       2,271 

67                      12,285 

3                            514 

44                           648 

21.018                        2.472 

1 
Total  value  of  Metalliferous  Minerals  )             .  .>^_  .,^p 
produced  in  1881 J 

Gexer.al  Summary  for  1893.- 


Description  of  Ore.                          Quantities.          |             Value.s.             ' 

':                                                1 

1 

1             Tonnes. 

Iron  ore 11,457,533 

Zinc  ore 787,910 

Lead  ore 168,413 

Copper  ore 584,950 

Silver  and  Gold  ores     .    .    .                 18,778 
Tin  ore                     .        ...                        53 

£ 
1,990.053 
714,542 
707,208 
906,158 
154,923 
4,382 

37,742 

Cobalt,  Xickel  and  Bismuth                   .  .^^ 
ores                  ' 

Arsenic  ore 2,758 

Manganese  ore 40,797 

Uranium  and  Wolfram  ores                       43 

Iron  pyrites 121,329 

Other  vitriol  ores 791 

5,078 
24,597 

2,155 

43,737 

249 

Total  value  of  Metalliferous  Minerals  ) 
produced  in  1893 $ 

4,590,824 

^  From  the  Monatihefte  fiir  die  Statistikdes  Deutschen  Reich^,  x.  1882,  p.  1. 
-  From  the    Vierfe/jahrsheften   zur  Statistik   des   Deutachen   Beichs,    Berg. 
Hiitt.  Kalendar,  Essen.  1896,  p.  180. 
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THE  AUSTRO-HUNGARIAN  MONARCHY. 

Austria. 

The  Austrian  Empire  is  ricli  in  minerals  of  commercial 
value,  and  with  respect  to  their  great  variety  is  not  surpassed 
by  any  country  in  Europe.  Gold,  in  notable  quantities,  is 
found  in  Hungary  and  Transylvania,  silver  occurs  in  the  same 
countries  and  in  Bohemia,  while  quicksilver,  which  is  almost 
exclusively  confined  to  Idria  in  Carniola,  occurs  also  in  small 
quantities  in  Hungary  as  one  of  the  constituents  of  a  mercurial 
tetrahedrite.  Przibram  in  Bohemia  and  Villach  in  Carinthia  pro- 
duce lead  ores ;  copper  ore  is  found  chiefly  in  Salzburg,  and  iron 
ores  are  mined  in  Western  Galicia,  Carinthia,  Carniola,  the  Tyrol 
and  Styria.  Tin  ore  is  obtained  only  at  one  or  two  places  in 
Bohemia. 

Bohemia. — Both  gold  mining  and  iron  mining  were  ex- 
tensively carried  on  in  Bohemia  previous  to  the  Roman  period, 
one  of  the  most  important  of  the  ancient  gold  mines  having  been 
situated  at  Eule,  about  ten  English  miles  south  of  Prague.  This 
mine,  which  is  known  to  have  been  in  operation  in  734,  is  said  to 
have  yielded  in  one  year  one  and  a  half  million  ducats  of  gold,  and 
in  1145  produced  twenty-four  cwts.  of  this  metal.  Silver  mining- 
began  on  the  Birkenberg  near  Przibram,  in  Central  Bohemia,  in  843, 
where  the  workings  are  at  the  present  time  among  the  deepest  in  the 
world.  At  Mies,  near  Pilsen,  silver  and  lead  were  mined  previous  to 
the  year  1100,  and  in  1131  the  town  itself  was  founded.  The  mines 
were  abandoned  during  the  Thirty  Years'  War,  but  were  resumed 
in  1696,  and  continue  in  operation  to  the  present  time.  The  silver 
mines  at  Iglau,  Nellizau,  and  Eylau,  were  first  opened  in  1160. 
In  consequence  of  the  religious  wars  during  the  fifteenth  and 
sixteenth  centuries,  mining  was,  to  a  large  extent,  abandoned,  and 
many  miners  removed  to  the  Erzgebirge,  where,  at  Graupen,  Geyer, 
Altenberg,  Zinnwald,  &c.,  tin  ores  had  been  discovered.  Min- 
ing for  lead  and  silver  at  Joachimsthal  flourished  at  the  be- 
o-inning  of  the  sixteenth  century,  and,  in  1516,  8,000  miners  were 
employed  there.  In  the  year  1518  a  mint  was  erected  in  which  the 
first  Joachimstlicdcr,  afterwards  called  tlialcr,  whence  the  word  dollar, 
was  struck.  The  production  of  the  Joachimsthal  mines  from  1516 
to  1534  was  more  than  2,333,000  thalers,  but  here,  as  in  the  district 
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generally,  mining  was  for  a  time  abandoned  on  account  of  the  Thirty 
Years'  War.  Many  of  the  mines  were  re-opened  in  1700,  and  have 
continued  in  oj^eration,  with  more  or  less  success,  to  the  present 
time,  A  copjaer  mine,  w^hich  in  1616  employed  2,000  miners,  was 
formerly  worked  at  Grasslitz,  but  was  abandoned  at  the  end  of  the 
eighteenth  century  and  has  not  since  been  re-opened. 

The  town  of  Przibram  ^  is  situated  thirty-one  English  miles 
south-east  of  Prague,  upon  a  plateau  varying  from  1,650  to 
1,950  feet  above  the  Adriatic,  and  traversed  by  various  chains 
of  hills  of  comparatively  inconsiderable  elevation.  There  are  no 
documents  to  show  when  mining  operations  first  commenced  at 
Przibram,  but  according  to  records  preserved  in  the  municipal 
archives  a  concession  to  re-open  the  mines  was  granted  in  1527, 
since  which  period  they  have  been  continuously  worked  with  vary- 
ing degrees  of  activity  and  success. 

The  metalliferous  deposits  of  this  district  occur  in  the  form  of 
veins  enclosed  in  the  lower  beds  of  the  Silurian  formation  of 
Bohemia,  I'etage  A  of  Barrande.  The  rocks  are,  for  the  most 
part,  sandstones,  quartzites,  conglomerates,  and  schists,  bounded  on 
the  east  and  west  by  granite  and  by  a  narrow  band  of  clay  slates 
belonging  to  I'dtage  A.  The  schists  of  I'itage  B  rest  conformably 
upon  the  older  slates,  and  above  them  come  the  sandstones  of  the 
grauwacke,  which  in  their  turn  are  covered  by  grauwacke  slates  of 
a  mean  thickness  of  about  3,250  feet.  Above  the  grauwacke  lie  the 
sandstone  and  quartzite  forming  the  extreme  limit  of  the  metalli- 
ferous group.  All  these  beds  have  a  strike  of  north  60^  to  75° 
east ;  and  between  the  sandstone  and  the  slates  of  L'etagc  B,  to  the 
west  of  Przibram  and  Birkenberg,  there  is  a  fault,  containing  clay,  a 
few  inches  only  in  width,  the  Icttcnliuft,  which  causes  an  extensive 
displacement  of  the  strata;  its  direction,  which  is  very  constant,  is 
N.  56'  E.,  and  its  dip  79°  north. 

Recent  investigations  have  caused  geologists  to  modify  con- 
siderably the  system  proposed  by  Barrande.  According  to  Posepny  - 
the  divisions  of  Barrande  correspond  with  the  following  geological 
periods : — 

^tage  A  of  Barrande     .     .     j  ^^chaic  (gneiss,  &c.), 

y   Precambriau. 

1  Xotire  stir  qudques-unes  des  Principales  Mines  de  UEtat  AiUrkhien,  Paris, 
1878,  p.  5.  "Bericht  xiber  die  Thatigkeit  des  k.  k.  Ackerbau  Ministeriums,"' 
Oe-ittrr.  Zeit-^rhr.  xxix.  1881,  p.  553. 

-  F.  Posepny,  "  Beitriige  z.  Kentniss  d.  Montangeologischen  Verhiiltnisse  v. 
Pi-ibram,"  Archiv.  f.  Prakt.  Geolo'jk,  1895,  p.  619. 
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Etage 

B  of  Barrande     . 

'1 

C 

., 

-   Cambrian 

d 

jj 

] 

D 
E 

)i 

-  Silurian. 

F 

1 

G 

» 

j-   Devonian. 

H 

j> 

All  of  these  appear  to  be  conformable  ;  in  some  parts  of  Bohemia, 
small  laatches  of  carboniferous  age  overlie  the  older  rocks  quite 
unconformably. 

The  LoAver  Silurian  rocks  are  traversed  by  dykes  of  diorite, 
and  by  numerous  metalliferous  veins  which  are  capped  with  gossan 
and,  at  depths  below  fifty  fathoms,  consist  to  a  considerable  extent 
of  argentiferous  galena.  The  thickness  of  the  veins  varies  from 
]  inch  to  19i  feet,  and  nearly  the  whole  of  those  which  are  ex- 
tensively worked,  appear  in  the  grauwacke  ;  several  of  them  thin 
out  and  become  impoverished  on  reaching  grauwackes  of  greater 
tenacity  near  the  surface,  others,  on  the  contrary,  become  richer  in 
the  vicinity  of  their  outcrops,  or  where  a  change  in  the  country 
rock  takes  place.  Some  of  the  veins  cross  the  fault  above  referred 
to,  and  have  been  recognised  in  the  schists  at  a  great  distance  on 
the  other  side.  The  general  strike  of  the  more  important  of  these 
very  numerous  veins  is  north  and  south,  and  very  many  follow 
closely  the  eruptive  diorite  dykes,  as  shown  in  the  accompanying 
section  (Fig.  92) ;  some,  however,  are  fissures  in  the  stratified  rocks, 
and  on  the  other  hand  some  fissures  in  the  diorites  are  barren. 
Upon  the  whole,  however,  the  mode  of  occurrence  of  these  mineral 
veins  appears  to  be  closely  bound  up  with  that  of  the  eruptive 
dykes. 

In  addition  to  galena,  the  veins  contain  blende,  which  is  poor  in 
silver,  spathic  iron  ore,  calcite,  pyrargyrite  and  tetrahedrite,  while 
argentite  and  native  silver  are  but  rarely  found.  The  galena 
occurs  in  veins,  branches  and  lenticular  masses,  or  is  disseminated 
through  the  compact  quartzose  gangue.  Many  of  the  veins  have 
been  explored  for  great  distances,  both  on  their  strike  and  on  their 
dip,  without  showing  any  decrease  in  richness,  or  variation  in  the 
gangue  ;  in  fact,  as  a  general  rule,  the  width  of  the  veins  and  the 
proportion  of  silver  in  the  galena  increase  with  the  depth  attained. 
The  longitudinal  extension  of  the  Przibram  mining  area  is  4,550 
fathoms,  the  breadth   2,380  fathoms,  and  the  greatest  depth  yet 
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attained  over  600  fathoms.     In  this  concession  nineteen  shafts  are 
at  Avork,  of  which  the  two  deepest  are  the  Adalbert  with  a  depth 


-^  '^^^Saiidstone 


760 

'',  ■■  Diorite 5fA 

Mineral  Veins\ 


a  'alkir  &■  BciitaU  sc. 

Fig.  92.— Section  through  the  Anna  Shaft  at  Przibram  from  West  to  East ; 
after  Posepny. 


of  1,0D9  metres  (3;606  feet),  and  the  ilaria  shaft  with  a  depth  of 

F   F 


434 


ORE    DEPOSITS 


PART  II 


1,070  metres  (3,511  feet)  in  1895.^  It  may  be  added  that  the 
former  shaft,  until  recently  the  deepest  in  any  metal  mine  in  the 
world,  extends  down  to  1,942  feet  below  sea  level.  A  great  fire, 
that  broke  out  in  the  latter  shaft  in  May,  1892,  when  it  had  reached 
the  depth  of  1,110  metres,  has  hindered  its  progress  seriously. 
The  underground  workings  communicate  with  the  great  drainage 
tunnel  "  Joseph  IL,"  which  is  13i-  miles  in  length  and  1,860  feet 
above  the  sea  level ;  the  total  length  of  the  galleries  in  these  mines 
exceeds  152  miles. 

The  j^roduction  of  ores  at  Przibram  is  shown  in  the  following 
table  : — 


Year. 

Weight  of  dressed 
ore. 

Containing 

Silver. 

Lead. 

1876 

1881 

1886 

1891 

1894 

Tonnes. 
8,062 
11,953 
13,. 532 
14,501 
18,334 

Kilogr. 
23,202 
32,024 
35,656 
36,211 
38,824 

Tonnes. 
3,792 
5,022 
5,284 
4,328 
5,179 

The  value  of  the  ore  produced  in  the  last-named  year  was 
£299,800,  and  the  number  of  men  employed  rather  over  6,000, 
whilst  there  were  but  5,450  in  1880. 

The  veinstone  of  the  lodes  which  occur  in  the  gneiss  at 
Kuttenberg-  is  composed  of  quartz,  felspar  and  calc  spar.  The 
mines  were  worked  as  early  as  1237,  and  yield  the  following 
minerals,  namely,  iron  pyrites,  arsenical  j^yrites  and  blende,  all 
containing  silver,  as  well  as  argentiferous  galena,  copper  pyrites, 
and  various  silver  ores.  Mining  was  resumed  a  few  years  since  in 
order  to  svipply  the  Przibram  smelting- works  with  pyrites,  which  is 
required  in  the  treatment  of  some  of  the  poorer  material.  Through 
the  Skalka  shaft,  which  was  only  23  fathoms  deep  in  1877,  102 
in  1880,  and  as  much  as  138^  in  1886,  three  jDroductive  lodes  are 
worked.  These  veins,  which  are  for  the  most  part  tolerably  wide, 
are  in  places  much  pinched,  but  hitherto  the  productiveness  of  the 
mine  has  increased  with  its  depth.    In  1881,  seventy-six  men  were 

1  F.  Posepny,  "  Beitrage  z.   Keiitni.s.s  d.  Montangeologisclien  Verhaltni.?se  v. 
Pribram,"  Archii:  g.  Praki.Geohgie,  1895,  p.  619. 

2  Oesterr.  Zeitsch.  xxix.  1881,  p.  555. 

3  Oestr.  Zeitsch.  1888,  p.  440. 
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employed,  and  823  tonnes  of  pyrites,  worth  £1,234  were  produced.^ 
Since  1886  there  has  been  no  active  mining,  but  prospecting 
operations  have  been  continued  ;  the  mine,  although  producing 
no  ore,  had  not  been  shut  down  in  1894. 

The  Frischgliickzeche  lead  lodes  at  Mies  -  is  the  richest  in  that 
district,  and  there  are  but  few  which,  in  addition  to  lead  ores 
proper,  contain  such  a  variety  of  other  minerals.  This  lode,  in 
common  with  all  the  others  occurring  in  clay  slate  in  the  neigh- 
b)Ourhood  of  Mies,  has  a  general  strike  in  the  direction  of  30 
east  of  south  and  dips  from  55°  to  80°  towards  the  west.  In 
thickness  it  varies  from  a  mere  thread  to  eighteen  feet  and, 
with  a  quartzose  gangue,  contains  galena,  cerussite,  pyromorphite, 
blende,  iron  pyrites  and  barytes.  Drusy  cavities  of  various 
sizes  frequently  occur  in  this  vein,  and  the  walls  of  these  are 
often  covered  with  crystals  of  quartz  and  galena,  and  with  those 
of  cerussite,  barytes  and  blende;  faultings  of  the  lode  are  very 
rare. 

In  1881  there  were  three  mines  working  at  Mies ;  these 
employed  510  workmen,  and  produced  2,370  tonnes  of  lead  ore 
worth  £19,564,  and  322  tonnes  of  galena,  with  0*65  per  cent,  of 
silver,  worth  £3,247  ;  all  these  mines  had  been  closed  down 
before  1890. 

The  quaint  little  town  of  Joachimsthal  ^  lies  on  the  southern 
slope  of  the  Bohemian  Erzgebirge,  in  a  ravine  of  which  the  direc- 
tion is  nearly  north  and  south.  Mining  is  believed  to  have  com- 
menced in  this  locality  during  the  first  years  of  the  fifteenth 
century,  and  in  1517  the  number  of  miners  is  stated  to  have 
been  8,000  and  the  town  contained  no  less  than  20,000  souls. 
A  period  of  great  productiveness  ensued,  in  which  the  mines  were 
in  a  most  flourishing  condition,  silver  ores  being  chiefly  sought 
for.  It  would  appear  that  between  the  years  1516  and  1589 
about  9,800,000  ounces  of  silver  were  extracted  from  these  mines. 
With  the  beginning  of  the  seventeenth  century,  mining  declined 
rapidly  owing  chiefly  to  the  destiiictive  wars  of  that  period  and  to 
pestilence ;  even  in  1750  very  little  mining  was  being  done,  the 
production  of  silver  being  only  some  1,000  ounces  yearly,  but 
about  this  time  a  rapid  improvement  set  in  and  a  second  era 
of  jDrosperity  commenced.     The  following  table  shows  the  decennial 

^  Statiitisrhes  Jahrhtich  cles  I:  k.  Acherbaii  Ministeriiims,  Vienna,  1882,  p.  61. 

-  J.  Schmuck,  Oesterr.  Zeitschr.  xxx.  1882,  p.  282.  Statidkches  Jahrbuch 
^les  I:  J:.  Ackerbau  Ministeriiims,  Vienna,  1882. 

^  Principales  Mines  de  r Etat  Au'richieu,  Paris,  1878,  p.  15.  Oest.  Zdt.  1881, 
p.  543. 
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production    of   silver    at    Joachimsthal   between    the    years    1755 
and  1824  ^  :— 

739,890  ounces. 

248,270  , 

369,180  „ 

412,560  „ 

326,970  „ 

127,530  „ 

138,870  „ 

Of  recent  years  the  output  of  silver  has  fallen  off  con- 
siderably. 

The  country  rocks  of  the  neighbourhood  of  Joachimsthal  are 
for  the  most  part  mica  schists  enclosed  between  masses  of  granite. 
In  the  eastern  portion  of  the  mine,  where  there  are  some  masses  of 
included  limestone,  the  lodes  usually  carry  calcite  as  the  pre- 
dominating veinstone  ;  but  in  the  western  part,  where  the  veins  are 
not  unfrequently  associated  with  dykes  of  porphyry,  the  gangue  is 
almost  entirely  quartzose.  There  are  seventeen  veins  striking  north 
and  south,  and  seventeen  others  of  which  the  direction  is  east  and 
west.  It  has  been  constantly  observed  that  the  former  exhibit  a 
tendency  to  become  enriched  where  they  pass  through  the  porphyry 
or  included  limestone,  while  the  latter  set  of  veins  are  not  similarly 
affected  when  they  come  in  contact  with  these  rocks.  The  ores 
raised  contain  silver,  cobalt,  nickel,  bismuth  and  uranium.  In 
the  eastern  division  of  the  mine  there  are  two  shafts  situated 
about  260  fathoms  apart,  the  Einigkeit's  shaft  and  the  Kaiser 
Josef  Shaft. 

In  1864,-  when  the  former  shaft  had  reached  a  depth  of  280 
fathoms,  a  heavy  outburst  of  water  at  a  temiDerature  of  25°  C, 
and  evolving  sulphuretted  hydrogen,  took  place  and  greatly  inter- 
fered with  underground  operations-  It  took  two  years  before 
this  Avater  could  be  successfully  tubbed  off  and  mining  proceeded 
Avith. 

The  average  annual  production  of  ore  of  the  eastern  division 
during  the  period  from  1877  to  1880  was  29^  tonnes  of  ore 
containing  4,497  oz.  silver,  198  lbs.  bismuth,  878  lbs,  of  uranic 
oxide,  Ih  tonnes  of  arsenic,  and  314  lbs.  of  cobalt  and  nickel,  witli 
a  little  lead,  representing  a  total  value  of  £1,687. 

About  this  time  it  became  evident  that  the  uranium  oxide  was 

1  Babanek  and  Seifert,  Berg,  u.  Hiittenmiimmches  Jahrbuch,  xli.  1893,  p.  94. 

2  Ibid.  p.  136. 
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the  most  valuable  product  of  these  mines  and  workings  were 
especially  directed  to  develoi^  the  minerals  yielding  it.  From 
1881  to  1886  the  average  annual  production  was  38  tonnes  of 
silver  and  uranium  ores,  worth  about  £6,520. 

In  the  veins  of  the  western  division  uranium  ore  was  more 
especially  sought  for.  These  veins,  of  which  the  most  important 
is  the  Geister  Lode,  are  worked  through  two  shafts,  the  Werner 
235  fathoms  deep,  and  the  inclined  Elias  Shaft  of  91  fathoms  on 
the  incline,  or  72h  fathoms  perpendicular  depth.  The  average 
annual  jDroduction  of  this  division  between  the  years  1881  and 
1886  was  50  kilogr.  silver,  65  kilogr.  cobalt  and  nickel,  95  kilogr. 
bismuth,  950  kilogr.  lead  and  2,000  kilogr.  of  oxide  of  uranium, 
of  a  total  value  of  £4,000. 

The  total  production  of  Joachimsthal  in  1894  was,  silver  ores 
4'2  tonnes  worth  £198,  and  uranium  ores  26"4<  tonnes  worth 
£5,940. 

At  Schlackenwald,^  near  Carlsbad,  in  North-western  Bohemia, 
is  found  the  continuation  of  the  granitic  outburst,  in  which 
is  situated  the  tin  district  of  the  western  Erzgebirge.  But 
while  the  granites  and  slates  in  the  latter  district  are  much 
twisted  and  contorted,  those  of  north-western  Bohemia  are  nearly 
horizontal.  The  slates  by  which  the  granite  was  formerly  covered 
have,  for  the  most  part,  been  removed  by  erosion,  but  in  the 
Schlackenwald  district,  where  the  entire  system  has  been  pressed 
into  the  form  of  a  deep  trough,  the  slate  still  retains  a  considerable 
thickness.  In  the  southern  portion  of  this  district,  at  Schonfeld, 
the  granite  adjacent  to  the  slate  consists  entirely  of  a  greisen 
exactly  resembling  the  rocks  of  Zinnwald,  and  mining  was  here 
formerly  carried  on  with  considerable  activity ;  but  two  small 
conical  masses  of  granite  north  of  Schonfeld  and  between  that  place 
and  Schlackenwald,  were  even  still  richer.  Of  the  smaller  of 
those  nothing  is  now  known,  since  it  has  not  been  worked 
in  modern  times  ;  the  granite  of  the  laroer  mass  has,  how- 
ever,  been  continuously  mined  for  many  centuries,  first  by  tire- 
setting,  and  afterwards  by  blasting.  Enormous  cavities  were  in 
this  way  formed  until  at  last  the  rock  crushed  and  the  mine 
eaved  in  ;  so  that  nothing  is  now  to  be  seen  of  the  granitic  cone 
except  a  single  pillar  which  was  apparently-  found  not  worth 
working. 

The  production  of  tin  at  Schonfeld,  near  Schlackenwald,  was  in 
1355    already  considerable,  and    for   a   long  time    Schonfeld    and 

1  E.  Reyer,  Ziun.  1881,  p.  74. 
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Graupen  were  the  only  productive  tin  mines  of  central  Europe. 
The  working  of  the  stanniferous  rock  here  and  at  numerous  other 
points  attained  a  great  importance  in  the  sixteenth  century. 
About  this  time,  however,  the  production  of  Schonfeld  fell  off,  and 
for  more  than  half  a  century  Schlackenwald  was  the  most  im- 
portant tin  mine  in  Europe,  From  the  Schonfeld  and  Schlacken- 
Avald  district  800  tonnes  of  tin  were  produced  in  1550,  and  in  158Q 
Schlackenwald  alone  yielded  from  300  to  400  tonnes.  The  rock  at 
that  time  (1570-1660)  yielded  0"5  per  cent,  of  tin.  According  to- 
Keyer,  mining  became  of  less  importance  after  1580,  and  he 
suggests,  as  the  probable  reason  for  this,  that  the  price  of  tin, 
although  it  had  in  the  course  of  the  centuiy  nominally  risen,  had, 
in  comparison  with  the  price  of  food,  &c.,  considerably  fallen  ; 
secondly,  the  depth  of  the  mines  at  the  end  of  the  sixteenth 
century  had  much  increased,  and,  lastly,  the  jDercentage  of  ore 
appears,  at  least  as  regards  Schlackenwald,  to  have  decreased  with 
the  depth,  as  may  be  deduced  from  the  following  data : — 

In  the  year  1570  the  average  percentage  of  metal  in  the  rock  was  05 

„  1600  „  „                                    0-5 

„  1655  „  .,  0-3  to  04 

„  1760  ..,  „  0-3  to  0'4< 

„  1774  „  „  0-2  to  0-3 

„  1819  „  „                                  0-2 

„  1850  „  „  0-2  to  0-4 

At  the  beginning  of  the  seventeenth  century  Schlackenwald 
produced  170  tonnes,  and  Schonfeld  80  tonnes  of  tin  per  annum, 
but  this  was  subsequently  reduced  to  an  annual  production  of  50' 
tonnes.  Almost  all  the  ore  jaroduced  at  Schlackenwald  was 
obtained  in  the  sixteenth  century,  daring  which  period  about 
50,000  tonnes  of  tin  were  produced  in  this  district,  and  as  300 
tonnes  of  rock  only  yielded  1  tonne  of  tin,  1 5  million  tonnes,  or  about 
seven  million  cubic  yards,  must  have  been  worked  to  give  the 
above  yield.  The  whole  of  this  rock,  nearly  as  hard  as  quartz, 
must  have  been  removed  by  fire-setting,  and  gad  and  hammer,  and 
subsequently  stamped  and  washed. 

In  Bohemia,  and,  in  fact,  in  the  whole  of  Austria,  the  pro- 
duction of  tin  in  1881  was  confined  to  two  mines,  viz.,  the  Maurizi 
Mine  at  Hengstererben,  which  produced  911  tonnes  of  tin-stuff 
worth  £935,  and  the  Graupen  Mine  which  produced  140  tonnes  of 
ore,  worth  £3,449.  Since  then  the  production  has  been  steadily 
diminishing ;  since  1892  Graupen  has  been  the  only  producing  tin 
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mine.  Its  output  in  1893  was  26  tonnes  and  in  1894  only  24 
tonnes  of  tin-ore  (Ztuitter)  valued  at  £246.  The  total  production  of 
metallic  minerals  of  Bohemia  in  1881  ^  and  1894  ^  was  respectively 
as  follows  : — 

1881 


Tonnes. 

Tonnes. 

Gold  ore     .     . 

.     .       700 

Bismuth  ore     . 

.     .    13 

Silver  ore    .     . 

.     .  12,383 

Antimony  ore  . 

.    .  187 

Lead  ore     .     . 

.     .     2,377 

Uranium  ore    .     . 

.     .      6 

Zinc  ore      .     . 

...     10 

Wolfram 

.     .    62 

Copper  ore 

...     20 

Sulphur  ore     .     . 

.    3,011 

Tin  ore       .     . 

.     .      1,051 

Manganese  ore     . 

.     .     31 

Iron  ore     .     . 

.     .   70,206 

1894 

Tonnes. 

Tonnes. 

Gold  ore    .     . 

.     .      1-9 

Antimony  ore  .     . 

.     .  686 

Silver  ore  .     . 

.     .    18,338 

Arsenic  ore 

2-2 

Iron  ore     .     . 

.     .  446,522 

Uranium  ore    .     . 

.     .     26 

Lead  ore    .     . 

.       1,661 

Wolfram  ore    .     . 

.     .     40 

Nickel   and  Col 

oalt 

Sulphur  ore      .     . 

.     1,384 

ores  .     .     . 

55 

Vitriol    and     alun 

1 

Zinc  ore     .     . 

.      1,080 

shales .     .     .     . 

.  10,854 

Tin  ore      .     . 

.     .       24 

Manganese  ore     . 

.     .       9 

Bismuth  ore  .     . 

.     .     570 

Salzburg^. — Mitterberg  in  the  Salzburg  Alps,  where  a 
bedded  lode  is  worked  in  Silurian  clay  slates,  is  about  five  miles 
west  of  Bischofshofen.  The  deposit  may  be  followed  along 
its  outcrop  for  a  distance  of  nearly  five  miles,  and  it  appears  in 
several  places  to  split  up  into  two  or  more  leaders.  The  present 
workings  extend  over  a  length  of  above  600  fathoms  along  its 
strike,  and  are  situated  partly  upon  the  main  lode  and  j)artly  on 
one  of  its  leading  branches.  The  thickness  of  the  lode,  which  is 
chiefly  filled  with  Zagerschie/cr  *  or  sericite  rock,  averages  from  six 
to  nine  feet,  and  contains  quartz,  spathose  iron  ore,  and  copper  and 
iron  pyrites.  The  Lagerschiefcr,  which  occurs  only  where  there  are 
ores,  has    a    light    yellowish-gray  colour,   is    very  hard,   and    is 

^  Statist isches  Jahrhuch  des  k.  L  Adcerhau  Ministeriums,  Vienna,  1882. 

2  lUd.  1895,  p.  146. 

3  F.  M.  Siapff,  Btrcj.  und  Iimttnm.  Ztit.  1865,  p.  6. 
*  See  page  367. 
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perhaps  a  metamorphosed  eruptive  rock.  It  accompanies  the 
lode  on  both  sides  to  a  width  of  from  two  to  fifteen  fathoms,  and 
gradually  passes  into  ordinary  slates,  its  thickness  being  greatest 
near  the  surface,  and  decreasing  in  de]3th.  The  normal  Silurian 
clay  slate  is  locally  known  as  hlauer  iSchiefcr.  Tiie  term 
wilder  Schiefer  is  here  applied  to  all  varieties  of  slate  near 
which  the  ore  deposit  becomes  compressed  and  unproductive. 
The  metalliferous  minerals  are  regularly  distributed  in  the 
Lagerschiefer,  which  is  likewise  impregnated  with  pyrites,  which 
occurs  in  compact  masses  associated  with  quartz.  The  ores  are 
either  disseminated  through  the  veinstones,  or  else  copper  pyrites 
and  spathic  iron  ore  occur  in  lenticular  masses  enclosed  in  quartz ; 
it  is  to  be  remarked  also  that  the  longitudinal  axes  of  these  masses 
are  not  always  jsarallel  to  the  w^alls  of  the  deposit,  but  are  inclined 
towards  them  at  varying  angles.  Sometimes,  but  not  often,  quartz 
and  copper  pyrites,  but  never  copper  pyrites  and  spathic  iron  ores 
occur  in  concentric  bands ;  arsenical  fahlerz  and  cinnabar  occur 
as  curiosities.  On  smelting  the  ores  a  certain  proportion  of  nickel 
is  obtained.  The  Mitterberg  mines  were  the  only  copper  mines  in 
operation  in  Salzburg  in  1894. 

The  total  production  of  Salzburg  during  the  year  1881  was, 
gold  ore  84  tonnes,  copper  ore  3,152  tonnes,  iron  ore  3,837  tonnes, 
and  nickel  ore  40  tonnes,  having  an  aggregate  value  of  £17,550. 
In  1894  it  was,  gold  ore  84  tonnes,  copper  ore  5,885  tonnes,  iron 
ore  7,278  tonnes,  total  value  £23,554. 

Tyrol. — The  date  ^  of  the  earliest  mines  in  the  Tyrol  cannot 
be  fixed  with  absolute  certainty ;  the  oldest  are  those  about 
Kelchalpe  near  Kitzblihel.  Silver  mining  Avas  carried  on  at 
Trient  in  the  tenth  century,  and  the  following  centuries  saw 
numerous  other  silver  and  gold  mines  opened  u]).  Lead  and  silver 
were  mined  at  the  Schneeberg,  thirty  miles  south-west  of 
Innsbruck,  in  the  fourteenth  century,  and  mining  for  copper  and 
silver  was  commenced  at  Schwaz  in  Northern  Tyrol  about  1409  ; 
almost  at  the  same  time  mines  were  opened  at  Brixlegg,  Mitter- 
berg, and  Kitzbricht.  Mining  at  these  places  was  flourishing  in 
the  fifteenth  and  sixteenth  centuries,  while  at  Schwaz,  in  1519, 
200,000  gulden  were  paid  as  royalty  alone.  At  the  begining  of 
the  sixteenth  century,  these  mines  are  said  to  have  employed 
7,000  workmen.  Mining  was  abandoned  during  the  Thirty  Years' 
War,  and  was  not  resumed   until  the   eighteenth  century,  but  it 

^  Max  V.  Isser  Gaudententhurm,  Die  Montanicerhe  Tirols.  Bery.  u.  Hiitten- 
mdnnisches  Jahrhudi,  xxxvi.  1888,  p.  226. 
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never  again  readied  its  former  importance.     The  coi^i^ei'  and  silver 
mines  at  Klausen  originated  in  1497. 

One  of  the  best  examples  of  the  occurrence  of  bedded  veins  of 
auriferous  quartz  in  rocks  of  Palseozoic  age  is  that  of  the  Heinzen- 
berg,  near  Zell/  where  beds  and  veins  of  quartz  are  enclosed  in 
gray  Silurian  clay  slates.  Gold  is  never  found  in  the  veins,  while 
in  the  bedded  deposits  it  almost  constantly  occurs.  Nine  of  these 
deposits  are  known,  coursing  from  11°  to  26"  north  of  west,  dipping 
sxt  an  angle  of  from  65°  to  70°  towards  the  south,  and  having  a 
thickness  varying  from  a  few  inches  to  six  fathoms.  The  bedded 
deposits  consist  of  auriferous  quartz  and  slates,  the  gold  being 
■either  met  with  as  dust-like  enclosures,  or,  more  rarely,  in  distinct 
leaves  and  grains.  From  a  mining  point  of  view  the  Friedrich 
bed  is  not  of  very  great  imj)ortance,  although  in  former  times 
the  Anton  and  Johann  beds  were  extensively  worked.  In  the 
Friedrich  deposit  there  are,  however,  several  beds,  varying  from 
sixty  to  seventy  fathoms  in  width,  separated  by  unproductive 
strips,  and  traversing  it  in  a  diagonal  direction,  which  contain 
workable  gold  quartz. 

Since  its  commencement  in  1439,  the  production  of  the 
Zell  gold  mines  has  always  been  very  variable.  From  1794 
to  1815,  with  forty-two  workmen,  120  oz.  to  160  oz.  of  gold 
wei'e  annually  produced,  and  from  1840  to  1847  the  average 
yield  was  152^  oz.  per  annum.  From  1848  to  1852  the  annual 
production  of  gold  was  184|  oz.,  but  in  the  jeav  1854  it  in- 
creased to  212  oz.  In  1866,  184  tonnes  of  gold  quartz,  620  tonnes 
■of  rough- work,  and  555  tonnes  of  slate  were  raised,  giving  272  oz, 
■of  gold.  In  1881,  thirty-one  miners  were  at  work  principally 
exploring,  so  that  no  ore  was  raised.  In  1869,  at  a  depth  of  250 
metres  very  heavy  feeders  of  water  were  encountered,  and  the 
Heinzenberg  mine  closed  down  after  a  period  of  activity  of  over 
four  centuries.  It  was  re-opened  some  ten  years  later,  but  the 
results  obtained  were  not  satisfactory  and  it  had  to  be  closed  again 
in  1885.  No  gold  or  silver  ore  has  been  produced  from  this 
district  within  recent  years. 

There  are  four  mines  in  the  Brixlegg^  district,  namely,  at 
Schwaz,  at  the  Kleinkogel,  Grosskogel,  and  at  the  j\[atzenkopfel. 

At  Schwaz  the  veins,  which  vary  in  thickness  from  g  to  1  inch, 
occur  in  a  grauwacke  slate,  and  are  filled  with  spathic  iron  ore, 

1  A.  R.  Schn\idt,  Berg,  unci  Hiitttnm.  Zeit.  1S68,  p.  11. 

2  F.    M.     Stapff,    Berrj.     und    Hiittenm.   Zeit.    1862,   p.    13-t.      Oesterr     Zeit. 
xxix.  1881,  p.  576. 
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ankerite,  heavy  spar,  galena,  fahlerz,  copper  pyrites,  bournonite, 
pyrargyrite,  and  quartz. 

The  Kleinkogel  has  been  worked,  without  interruption,  from 
very  ancient  times,  and  is  now  supposed  to  be  nearly  exhausted ; 
the  Grosskogel,  like  the  Schwaz  Mines,  has  been  resumed  after  a 
long  interruption  of  operations.  The  Kleinkogel  is  situated  on 
the  southern  border  of  the  Unterinnthal,  about  two  miles  south- 
west of  Brixlegg,  where  the  Guttenstein  limestone  is  traversed  by 
numerous  irregular  fissures  containing  ores.  Heavy  spar  associated 
with  calc  spar,  ankerite  and  quartz,  forms  the  principal  gangue. 
An  antimonial  fahlerz,  containing  quicksilver,  nickel  and  cobalt, 
sometimes  traverses  the  heavy  spar  in  irregular  threads.  Stapff 
endeavours  to  explain  the  deposits  of  ore  at  the  Kleinkogel  by  an 
influence  of  the  country  rock.  The  deposits  of  the  Grosskogel 
are  irregular  stockworks,  sometimes  of  considerable  extent,  con- 
taining fahlerz,  argentiferous  copper  and  iron  pyrites,  heavy  spar, 
calc  spar,  dolomite,  and  quartz. 

At  the  Matzenkopfel,  near  Brixlegg,  where  the  mining  is  of 
recent  date,  the  lodes  occur  in  Partnach  dolomite,  and  contain 
argentiferous  fahlerz,  galena,  and  iron  pyrites,  with  arsenides  of 
nickel  and  cobalt,  pyrargyrite,  native  silver,  bituminous  slate, 
dolomite,  and  calc  spar. 

From  1877  to  1880  the  Brixlegg  mines  produced — 

Ore  for  the  smelter  1,240  tonnes. 
Ore  for  the  stamps  8,982       „ 
Heavy  spar  646       „ 

Spathic  iron  ore       1,140       „ 

From  1881  to  1886  the  production  was — 

Copper  and  silver  ores  for  smelting      908  tonnes. 
Ores  for  concentration  5,506       „ 

Heavy  spar  538       „ 

Iron  ores  1,006       „ 

The  Pfunderrerberg,  at  Klausen,i  consists  of  mica  schist,  in 
which  there  occurs  a  large  mass  of  diorite.  At  the  contact  of 
these  two  rocks  is  a  felstone-porphyry,  of  which  the  limits  are  not 
sharply  defined.  Three  lodes  traverse  these  rocks  with  a  strike 
between  30°  north  of  east  and  due  east,  and  dip  from  60°  to  80° 

^  A.    R.   Schmidt,    Ber'j.    und   Hiittenm.    Ztit.    1867,   p.   267.     Oesterr.   Zeit. 
xxix.  1881,  p.  577. 
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towards  the  north  ;  they  are  accompanied  by  numerous  strings  and 
exhibit  the  character  of  complex  lodes  sixteen  fathoms  in  thick- 
ness. The  country  rock  has  a  remarkable  influence  on  the  con- 
tents of  the  lodes,  which  are  invariably  richest  in  the  diorites, 
where  they  contain  argentiferous  galena,  blende,  copper  pyrites, 
and  iron  pyrites ;  while  in  the  felstone-porphyry  and  slate,  galena 
is  entirely  absent,  and  only  copper  pyrites  and  iron  pyrites  occur. 
Immediately  the  lodes  pass  into  the  slates  they  become  impover- 
ished. This  mine,  on  account  of  the  scarcity  of  timber  and  other 
materials,  is  not  extensively  worked,  and  as  a  rule  only  about 
fifteen  men  are  employed.  In  1894  there  were  got  181  tonnes  of 
iron  pyrites  carrying  gold,  silver  and  copper,  and  valued  at  £145. 

The  Schneeberg  ^  lies  about  thirty  miles  south-west  of  Inns- 
bruck, and  forms  the  point  of  intersection  of  several  lofty  moun- 
tain chains.  Near  its  summit,  7,200  feet  above  the  sea  level,  and 
just  below  the  general  level  of  the  glaciers,  is  the  Schneeberg 
Mine.  There  is  reason  to  believe  that  this  mine  was  worked  for 
argentiferous  galena  and  copper  ores  as  early  as  the  beginning  of 
the  fifteenth  century.  In  1486  a  thousand  miners  were  employed, 
but  shortly  afterwards  the  ores  became  exhausted,  and  operations 
were  abandoned. 

A  new  examination  of  this  locality,  in  the  years  1868  and  1869, 
led  to  the  re-opening  of  the  mine  for  the  sake  of  the  blende 
remaining  untouched  in  the  veins,  and  accumulated  in  large  quan- 
tities both  in  the  attle,  or  packing,  and  in  the  old  waste  heaps. 
Deposits  of  blende  with  galena  occur  in  a  mica  schist  containing 
garnets,  which  constitutes  the  rock  of  the  Schneeberg.  Although, 
however,  the  mica  schist  beds  in  the  vicinity  of  the  mines  strike 
with  remarkable  regularity  directly  eastward,  and  dip  towards  the 
north,  the  deposits  themselves,  as  well  as  the  immediately  adjacent 
mica  schist  beds,  have  a  strike  to  the  north-east,  and  a  dip  to  the 
north-west.  They  vary  in  thickness  from  6  to  55  feet,  and  consist 
of  veinstone,  blende  and  galena,  with  a  little  iron  pyrites  and 
chalcopyrite ;  ankerite,  calcite,  quartz,  garnet  and  hornblende  are 
usually  present.  The  workings  extend  for  a  distance  of  1,200 
fathoms  along  the  strike,  and  to  a  depth  of  520  fathoms  on  the 
dip.     The  deposits  are  repeatedly  dislocated  by  faults. 

The  author  of  the  official  report  on  Austrian  mines,  published 
in  1878  in  connection  with  the  French  Exhibition  of  that  year, 
was  of  opinion  that  Schneeberg  was  capable  of  annually  producing 

1  F.    PoSepny,   "  Notice  sur   quelques-unes  des  Principales  Mines  de   FEtat 
Autrichien,"  1878.  Oesterr.  Zeit.  xxvii.  1879,  p.  106. 
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7,000  tonnes  of  blende  containing  45  per  cent,  of  zinc,  and  3,000 
tonnes  of  galena.  It  however  appears  that  these  anticipations 
have  not  hitherto  been  fully  realised,  for,  although  between  five 
and  six  hundred  men  are  emiDloyed,  the  production  from  1877  to 
1880,  inclusive,  was  only  3,024  tonnes  of  blende  containing  4-5  per 
cent,  of  zinc,  and  27,133  tonnes  of  mixed  ores  containing  2-5  -pev 
cent,  of  that  metal.  From  ISSl  to  1884,  the  average  annual  pro- 
duction was  787  tonnes  of  the  former  and  15,675  tonnes  of  the 
latter  class  of  mineral. 

In  1881,Schneeberg  produced  4,234  tonnes  of  zinc  ore,  this 
increased  production  being  due  to  the  erection  of  improved  dressing 
apparatus. 

Near  Kitzbiihel,^  in  Tyrol,  bed-like  lodes  occur  in  Silurian 
clay  slates  and  grauwackes.  F.  M.  Stapif-  describes  these 
deposits  as  Lagcrgdngc,  or  bedded  lodes ;  A.  R.  Schmidt  ^  calls 
them  Lager,  beds. 

The  copper  p3Tites  occurring  in  Silurian  clay  slates  has  been 
worked  for  many  years  at  the  mines  of  Kujjferplatte,  Kelchalpe, 
and  Schattberg  ;  the  ores  principally  consist  of  coj^per  pyrites  asso- 
ciated with  iron  pyrites  in  a  gangue  of  quartz  and  ankerite,  which 
often  attains  a  thickness  of  several  j^ards. 

At  the  Kupferplatte  Mine,  five  miles  south  of  Kitzbuhel,  eight 
parallel  bedded  lodes  varying  from  4  to  35  feet  in  thickness  are 
known  to  exist  above  one  another,  the  quartz  occurring  in  lenticu- 
lar masses  in  the  slate,  while  lenticular  masses  of  slate  are  found 
in  the  quartz.  In  this  lode  copper  p^'rites  and,  more  rarely,  iron 
pyrites  also  occur  either  in  the  form  of  lenticules  or  in  disseminated 
grains.  Where  the  ores  are  rich,  the  country  rock  is  composed  of 
Lagerschiefer ;  but  Avhere,  on  the  contrary,  they  are  poor,  the 
country  rock  is  formed  of  the  so-called  v:ilcler  ScMefer,  which  is 
dark  with  an  irregular  cleavage.  According  to  StaiDff,  the  Lager- 
schiefer and  loildeo"  Schiefer  enclosing  the  ore  occur  in  a  lenticular 
mass  in  normal  Silurian  cla}'^  slates. 

The  mine  of  Kelchalpe  is  ten  miles  south  of  Kitzbuhel,  and  is 
5,050  feet  above  the  sea  level.  Copper  pyrites  here  predominates, 
quartz  being  a  subordinate  material. 

The  Schattberg  Mine,  half  a  mile  south  of  Kitzbuhel,  is  worked' 
by  means  of  two  adits  and  an  inclined  shaft,  of  which  the  perpen- 
dicular depth  is  about  eighty  fathoms. 

1  Oesterr.  Zdt.  xxix.  1881,  p.  583. 
^  Berg  und  Hilttenm.  Ztit.  1865,  p.  18. 
IhUI.  1870,  p.  174. 
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From   1877   to  1880,   inclusive,   the    average   iDroduction    per 
annum  from  the  Kitzblihel  copper  mines  was  as  follows  : — 


Kupferplatte    .... 

Kelchalpe 

Schattberg    

1 

Rough-Work. 

Percentage  of 
Copper. 

Ore. 

Percentage  of 
Copper. 

Tonnes. 

1,358 

3,436 

962 

1  (ig 

1-57 
1-56 

Tonnes. 
142 
384 
126 

10-5 
14-0 
12-3 

whilst  the  results  obtained  from  1881  to  1886  were  : — 


Kiipfei-platte     .... 

Kelchalpe 

Schattberg     .    . 

Rough-Work. 

Percentage  of  i 

Copper.                  ^''*- 

Percentage  of 
Copper. 

Tonnes. 
1,372 
2,838 
1,788 

0.59 
2-82 
2-04 

Tonnes. 
97 
455 
292 

8-37 
17-05 
15-27 

The  total  production  of  Tyrol  in  1881  was  :  ^ — 

Tonnes.  Value. 

Silver  ore 0-5  ..  .  £75 

Copper  ore 12,734  .     .  .  £9,522 

Iron  ore 1,706  .     .  .  £1,239 

Lead  ore 515  .     .  .  £4,8-22 

Zinc  ore 4,537  .     .  .  £9,965 

Sulphur  ore 779  .     .  .  £389 


In  1894  2  it  was  :■ 

Copper  ore  . 
Iron  ore  . 
Lead  ore. 
Zinc  ore  . 
Sulphur  ore 


Tonnes. 

1,340 

4,657 

182 

2,995 

181 


Value. 
£7,348 
£2,349 
£1,526 
£7,841 
£145 


Carinthia  and  Styria. — Certain  limestones  of  the  Carinthian 
Alps  contain  in  various  localities  deposits  of  lead  and  zinc  ores, 
which,  notwithstandino-  slight  differences  in  detail,  resemble  one 
another  in  their  more  important  characteristics,  and  have  doubt- 
less a  common  origin.  The  principal  localities  where  such  deposits 
have  been  worked  are  the  following,  namely : — Bleiberg,  Kreuth, 
Raibl,  Windisch-Bleiberg,  Kappel,  Mies  and  Schwarzenbach.  The}- 
all  occur  in  a  belt  of  limestone  of  a  few  miles  in  breadth  and  about 
seventy-five  miles  in  length ;  but  it  will  be  unnecessary  to  give  a 
description  of  more  than  one  of  them. 


^  Sfafisfisches  Jahrhuch  des  k.  l:  Acherhaii  Jfitii-'^h 
'  Ibid.  1895,  p  146. 


/•/»;»-<(,  Vienna,  188-2,  p.  135. 
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The  mining  village  of  Raibl/  in  Upper  Carinthia;  is  situated 
on  a  declivity  of  the  Konigsberg,  which  contains  deposits  of  galena, 
blende,  and  calamine,  which  have  been  worked  from  the  earliest 
times.  The  deposits  of  Raibl  rest  conformably  on  the  strata 
of  the  Upper  Trias,  and  have  been  displaced  to  a  distance  of  from 
twenty  to  thirty  fathoms  by  faults  running  north  and  south. 
Near  these  dislocating  fissures,  which,  at  the  surface,  can  be  dis- 
tinguished as  valleys,  the  ores  occur  in  limestone,  chiefly  in  its 
upper  portions  ;  the  term  limestone  is,  however,  purely  a  strati- 
graphical  distinction,  since  these  beds,  1,000  yards  in  thickness,  are 
not  only  composed  of  limestone  but  also  of  various  slates  and  dolo- 
mites. The  Raibl  beds,  resting  on  the  limestone,  consist  of  marl, 
slate,  and  shale.  Galena  and  blende  occur  in  the  dolomite,  while  the 
calamine  deposits  are  found  on  a  somewdiat  different  horizon  in  the 
limestone.  The  deposits  of  galena  and  blende  are  distinctly  cavities 
in  the  dolomite  and  dolomitic  slates  which  have  been  filled  by  infil- 
tration or  substitution.  They  are  very  irregular  in  form,  but  always 
contain  crystalline  blende,  galena,  iron  pyrites,  and  dolomite,  in 
layers  parallel  to  the  w^alls  of  the  deposit.  Dolomite  sometimes 
occurs  between  the  galena  and  blende,  and  seems  most  frequently 
to  form  the  central  lining  of  the  cavity,  but  in  some  cases  blende 
occupies  this  position.  Heavy  spar  is  rare,  and  never  forms 
entire  beds,  but  occurs  only  as  separate  crystalline  aggregations  in 
dolomitic  geodes.  The  calamine  deposits  differ  entirely  from  the 
foregoing,  as  in  them  there  is  nothing  to  indicate  cavities  filled  by 
infiltration,  but  everything,  on  the  contrary,  seems  to  show  that 
they  are  metasomatic  after  limestone,  and  certain  peculiarities  of 
this  rock  are  accurately  reproduced  in  the  calamine.  At  Raibl  the 
calamine  consists,  principally,  of  zinc  carbonate  and,  more  rarely, 
of  zinc  bloom,  while  silicate  of  zinc  is  very  rare.  The  ore  most 
plentifully  obtained  is  a  nearly  pure  zinc  carbonate,  containing  on 
an  average  45  per  cent,  of  zinc.  The  production  of  ore  in  1876 
was  18,411  tonnes,  but  in  1880  it  sank  to  9,794  tonnes.  From 
1881  to  1886  it  averaged  2,483  tonnes  of  38  per  cent,  calamine, 
1,270  tonnes  of  40  to  43  per  cent,  zinc  blende,  and  590  tonnes  of 
60  to  69  per  cent,  galena  per  annum.  In  1894  the  Raibl  mines 
produced  9,175  tonnes  of  zinc  ore,  consisting  of  calamine  and  zinc 
blende  in  about  equal  proportions,  and  1,342  tonnes  of  concentrated 
lead  ore. 

The  Noric  iron  of  Tacitus  and  other  classic  authors  was 
prepared  from  ores  obtained  in  the  Styrian  Erzberg,  and,  as  this 

1  F.  PoSepny,  Jahrh.  d.  k.  k.  yeol.  Reichsand,  xxiii.  1873,  p.  317.    Oesferr.  Ztit. 
xxix.  1881,  p.  584. 
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industry  has,  without  intermissiou,  continued  in  activity  from  the 
date  of  the  Roman  occuiDation  to  the  present  day,  the  aggregate 
yield  must  have  been  enormous.  A  fire  which  took  place  at 
Eisenerz  in  1618,  destroyed  documents  then  existing  which  carried 
back  the  iron  manufacture  to  A.D.  712,  but  the  documents  still 
preserved  do  not  go  further  back  than  the  twelfth  century.  In 
1871  Styria  with  thirty-one  blastfurnaces,  produced  122,000 tonnes 
■of  pig  iron,  and  during  the  same  year  Carinthia  yielded  63,000 
tonnes  from  seventeen  furnaces. 

The  total  production  of  iron  ore  in  Styria  during  the  year 
1881  amounted  to  420,974  tonnes,  worth  £109,042.  Carinthia 
in  the  same  year  produced  88,041  tonnes  of  iron  ore,  worth 
£35,486\  These  two  districts  produced  143,560  tonnes  and  82,448 
tonnes  of  iron  ore  respectively  in  1894  ;  the  returns  of  pig  and  bar 
iron  for  the  year  were  resjiectively  170,405  and  41,545  tonnes. 

Carniola. — The  quicksilver  deposit  of  Idria,-  in  Carniola,  was 
•discovered  in  1490,  or  according  to  others  in  1497,  by  a  cooper,  who 
■.formed  a  company  for  the  purpose  of  working  it ;  and  mining  was 
carried  on  by  this  and  other  companies  until  the  Government  took 
■charge  of  the  property  in  1580.  Recent  investigations  relative 
to  the  geology  of  Idria,  by  M.  V.  Lipoid,  the  present  manager, 
have  shown  that  the  ore-bearing  rocks  are  exclusively  of  Triassic 
age,  and  that  the  carboniferous  sandstones  and  schists  which  form 
the  roof  of  the  metalliferous  beds  have  onty  assumed  this  position 
through  dislocation,  displacement  or  reversal. 

In  the  north-western  portion  of  the  mine  the  deposit  possesses 
the  character  of  a  bedded  vein  enclosed  in  the  so-called  Skonca 
beds  and  conglomerates,  and  is  of  the  nature  of  a  stockwork  in  a 
Lower  Triassic  breccia.  The  ore  in  the  south-eastern  part  occurs 
chiefly  in  fissures  in  Lower  Triassic  Guttenstein  limestone  and 
dolomites,  both  hanging  and  foot-wall  being  impregnated  with 
cinnabar.  In  the  north-western  part  of  the  mine,  in  which  the 
IFengen  beds  follow  the  course  of  the  main  dislocating  fissure, 
Guttenstein  and  Werfen  beds  consisting  of  dolomites,  limestones, 
and  of  sandy  slates  on  which  the  Wengen  beds  are  deposited,  form 
the  foot-wall  of  the  deposit.  Above  the  Wengen  beds  come  the 
Skonea  beds,  and  above  these  are  limestone-conglomerates  impreg- 
nated with  cinnabar,  dolomitic  breccia,  and  Guttenstein  beds.  The 
Wengen  beds,  which  principally  carry  the  ore,  dip  42°  north-east, 

1  Statis.  Jahrbuch,  1882,  p.  33. 

-  M.  V.  Lipoid,  "Das  k.  k.  Quecksilbei'-werk  zu  Idria  in  Krain," published  in 
1881,  to  commemorate  the  300th  anniversary  of  the  Government  possession. 
Oesterr.  Ztit.  xxx.  1882,  p.  84. 
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until  at  a  depth  of  150  fathoms  they  spUt  up  into  two  branches, 
rising  respectively  for  a  distance  of  forty  fathoms  at  angles  of  34° 
and  47°,  and  then,  turning  downwards,  are  united,  and  assume 
a  dip  of  50°  north-east.  The  slates  are  not  uniformly  impregnated 
with  cinnabar,  there  being  sometimes  rich  pockets  and  lenticular 
masses  enclosed  in  barren  ground.  Cinnabar  is  the  only  ore  occur- 
ing  in  depth,  native  quicksilver  being  found  only  near  the  surface. 

The  richest  ore  is  the  Stahlerz  or  steel  ore,  so  called  from  its 
colour,  which  contains  75  per  cent,  of  mercury  and  occurs  in  a 
compact  or  crypto-crystalline  form.  The  Lcbererz  is  liver-coloured, 
compact  and  lustrous,  usually  forming  nests  in  the  Stahlerz.  The 
Ziegelcrz,  or  brick  ore,  is  sandy,  granular,  and  of  a  bright  red 
colour.     A  peculiar  variety  of  the  ore  is  know  as  Korallenerz. 

The  SJMnca  beds  proper  consist  principally  of  dark,  bituminous, 
dolomitic  sandstones  and  slates,  containing  fossils  resembling 
corals,  which  have  not  at  present  been  determined ;  these  coral 
sandstones  and  slates  are  sometimes  productive  of  ore.  The  slates,, 
where  they  carry  ore,  which  is  frequently  associated  with  iron 
pyrites,  are  generally  highly  bituminous.  In  the  south-eastern 
parts  of  the  mines  the  strata  are  almost  vertical,  and  are  crossed  by 
fissures  sometimes  exceeding  three  feet  in  Avidth.  The  quicksilver 
deposit  of  Idria  contains  iron  in  the  form  of  pyrites,  but  no  other 
metals,  and  is  remarkably  poor  in  crystallised  minerals ;  cinnabar, 
calc  spar,  dolomite  and  quartz  being  rarely  found  as  good  crystals. 
Idrialite  and  anthracite  occur  in  the  form  of  compact  masses. 

Lipoid  believes  that  the  ores  owe  their  origin  to  infiltration  from 
below,  and  calls  attention  to  the  fact  that  the  mine  grows  richer  as 
greater  depth  is  attained. 

From  1877  to  1886  the  reduction  works  treated  the  following 
quantities  of  ore  : — 

1877.  33,311  tonnes  containing  1*371  p.c.  of  mercury. 

1878.  33,004       „  „  1-360    „ 

1879.  40,627       „  „  1-076    „ 
1886.  64,289       „             „           0-850    „ 

The  production  of  quicksilver  in  1877  amounted  to  837,960 
lbs,,  while  the  yield  in  1878  and  1879  amounted  respectively 
to  791,015  and  924,137  lbs.  Within  the  last  thirty  years  the 
production  of  Idria  has  been  trebled.  In  1894  the  production  was 
84,1  "2 8  tonnes  of  ore  valued  at  £98,875,  and  yielding  519  tonnes 
of  quicksilver,  being  a  slight  improvement  on  the  previovis  year, 
but  a  falling  off  from  1891,  when  570  tonnes  were  produced. 
Among  the  C|uicksilver  mines  of  the  world,  Almaden,  in    Spain,. 


PART  II 


AUSTRIA 


449 


takes  the  first  rank,  New  AlmaJen,  in  California,  the  second,  and 
Idria,  in  Carniola,  the  third. 

General  Sujimaries  of  the  Productiox  of  METALLiFERors  Minerals  in  the 

AcsTRiAN  Empire,  exclusive  of  Hungary. 

For  the  Year  1882.^ 


Description  of  Ore. 

Quantities. 

Values. 

Iron  ore   

Tin  ore     

Copper  ore 

Lead  ore  

Zinc  ore  

Sulphur  ore 

Gold  ore 

Silver  ore 

Nickel  and  Cobalt  ores 
Antimony  ore     .... 

Bismuth  ore 

Uranium  ore 

Wolfram 

Quicksilver  ore  .... 
Manganese  ore   .... 

Tonnes. 

902,510 

2,602 

4,1.54 

14,765 

25,300 

9,005 

354 

11,841 

14 

509 

21 

6 

66 

46,968 

8,418 

Gulden. 

2,.397,464 

20,063 

229,0.36 

1,172,847 

374,093 

101,012 

16,839 

3,043,9,35 

528 

22  232 

39,144 

8,936 

.543,005 

74,124 

£2 

239,746 

2,006 

22.904 

117,285 

37,409 

10,102 

1,684 

304,394 

53 

2,223 

.3,914 

894 

54,300 

7,412 

Total  value  of  Metalliferous  Mine- ) 
rals  produced  in  1882    .    .    .    .  j 

8,043,258 

804,326 

1 

For  the  Year  1894.=^ 


Description  of  Ore.                Quantities. 

Values. 

Gold  ore 

Silver  ore 

Quicksilver  ore  .... 

Copper  ore 

Iron  ore   

Lead  ore  

Nickel  and  Cobalt  ores 

Zinc  ore   

Tin  ore     

Bismuth  ore 

Antimony  ore     .... 

Arsenic  ore 

Uranium  ore 

Wolfram  ore 

Sulphur  ore 

Vitriol  and  Alum  shales 
Manganese  ore  .... 

Tonnes. 

86 

18,338 

84,128 

7,2.35 

1,214,7.36 

12,061 

55 

28,491 

24 

,570 

686 

2 

26 

40 

2,4.35 

10,854 

5,055 

Gulden. 
9,907 
3,000,171 

988,754 

278,849 
2,676,114 

836,744 

439,780 
2,465 
15,194 
68,632 
100 
59,404 
10,908 
34,484 
13,495 
55,417 

£2 

991 

300,017 

98,875 

27,885 

267,611 

83,674 

43,978 

247 

1,519 

6,863 

10     I 
5,940 
1,091     : 
3,448 
1,350     I 
5,542 

Total  value  of  Metalliferous  Mine-  ) 
rals  produced  in  1894    .    .    .    .    j 

8,490,418 

849,041 

^  From  the  Statistisches  Jahrbuch  cles  k.  k.   Ackerbau  Mmisteriums  fiir  1882, 
Vienna,  1883. 

"  The  gulden  is  taken  at  2.s.  3  i^,  fur  1894,  p.  146. 
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Hungary. 

Mining  in  Hungary  dates  from  before  the  time  of  the  Romans, 
when  important  gold  mines  were  in  operation  in  Dacia,  the  Tran- 
sylvania of  the  present  day,  at  Vorospatak,  Zalathna,  and 
Otfenbanya,  while,  in  Lower  Hungary,  silver  and  copper  mines 
were  opened  in  the  seventh  century.  The  town  of  Schemnitz 
Avas  founded  about  the  beginning  of  the  twelfth  century  by  Frank 
and  Saxon  miners ;  Kremnitz  is  of  nearly  the  same  date,  while 
Neusohl  was  founded  in  the  fourteenth  century  by  miners  from 
Saxony  and  Thuringia.  In  UjDper  Hungary  mining  for  silver, 
copper  and  antimony  originated  at  Schmollnitz,  Aranyidka  and 
Kapnik,  by  German  colonisation  in  the  fifteenth  century,  the 
gold  mining  at  Botza,  in  Lower  Hungary,  dating  from  1550. 
The  Schemnitz  mines,  which  still  continue  to  be  the  most 
important,  in  the  year  1690  produced  16,894  oz.  of  gold  ;  while  the 
production  of  precious  metals  from  1740  to  1778  was  not  less 
than  seventy  million  gulden  ;  in  3881  the  annual  production  was 
about  16,241  oz.  of  gold  and  878,962  oz.  of  silver,  and  ten  years 
later  about  14,000  oz.  of  gold  and  458,000  oz.  of  silver.  In  Southern 
Hungary  important  lead  and  silver  mines  existed  at  Gvosdanska, 
but  they  were  abandoned  in  the  middle  of  the  sixteenth  century 
on  account  of  the  wars  with  the  Turks. 

At  Schemnitz,^  in  the  mining  district  of  Neusohl  (Besztercze- 
banya),  sixty-five  miles  north-west  of  Buda,  the  lodes  pass  in 
a  south-westerly  direction  out  of  propylite  into  beds  of  Miocene 
age,  thus  proving  that  they  were  formed  at  a  comparatively  recent 
date.  These  lodes  are  characterised  by  great  width,  and  by  a 
filling  consisting  of  decomposed  and  altered  rocks  in  which  the 
ores  occur  as  impregnations,  in  threads,  and  as  the  cementing 
material  of  breccias.  Distinct  selvages  do  not  occur,  and  the  veins 
consequently  appear  rather  as  bands  of  rock  impregnated  with  ore 
than  as  fissures  which  have  been  filled  with  various  mineral 
substances.  The  veinstone  varies  considerably  in  the  different 
lodes,  but  rocks  converted  into  a  clayey  or  siliceous  mass,  horn- 
stone,  quartz  and  amethyst,  are  of  especially  frequent  occurrence. 
A  peculiar  quartzose  rock,  locally  known  as  Sinoijcl,  which  is  of  a 
brownish-red  colour,  probably  owing  to  the  presence  of  iron  oxid.e». 

1  ]M.  V.  Lipoid,  Jahrh.  d.  L  k.  ijeoL  Beichsand.  1867,  p.  317. 
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is  rich  in  gold  besides  being  impregnated  with  argentiferous  galena, 
blende,  copper  pyrites,  and  iron  pyrites. 

Among  the  minerals  occurring^  in  the  lodes  are  various  rich 
silver  ores,  such  as  native  silver,  polybasite,  pyrargyrite,  &c.,  which 
are  found,  principally,  in  veins  enclosed  in  the  syenite  at  Hodritsch, 
near  Schemnitz,  but  also  occur,  although  more  rarely,  at  Schemnitz 
itself.  At  Hodritsch  a  small  mass  of  syenite  comes  to  the  surface, 
and  is  surrounded  on  all  sides  by  propylite.  J.  W.  Judd  and 
6.  V.  Rath  question  whether  this  rock  is  really  a  syenite,  but 
Pettko,  Adrian,  and  Lipoid  are  of  opinion  that  it  is  so.  The 
syenite  of  Hodritsch  has  a  much  greater  extent  beneath  the 
surface  than  at  the  surface,  and  is  surrounded  by  metamorphosed 
Devonian  strata,  and  by  rocks  of  Triassic  age.  The  Tertiary 
eruptive  rocks  burst  through  the  syenite  and  sedimentary  rocks  in 
lode-like  dykes,  and  extend  in  great  masses  over  both.  Propylite 
is  the  oldest  Tertiary  eruptive  rock  found  in  the  neighbourhood,  and 
this,  as  in  other  Hungarian  metalliferous  districts,  is  penetrated 
by  more  recent  igneous  rocks.  At  Schemnitz  dykes  of  rhyolite 
sometimes  occur  as  productive  metalliferous  veins.  According  to 
Lipoid,  the  Griiner  Lode,  the  Johann  Lode  and  the  Biber  Lode 
are  nothing  more  than  veins  of  rhyolite  which  contain  silver  and 
other  ores  in  strings  and  fissures,  and  he  is  of  opinion  that  the 
mode  of  distribution  of  the  ore  would  lead  to  the  theory  of  a 
subsequent  infiltration  of  minerals  into  the  igneous  veins.  In  the 
syenite  are  veins  of  dacite  which,  as  they  accompany  the  lodes, 
may  possibly  have  opened  the  way  for  their  formation.  The 
relative  ages  of  the  rhyolitic  veins  in  the  propylite  and  of  the 
dacite  veins  in  the  syenite  yet  remain  to  be  determined,  but  a  very 
large  number  of  lodes  are  knowm  to  exist  within  the  limits  of  these 
rocks.  Generally  speaking,  the  veins  in  syenite  have  a  more 
irregular  strike,  namely  from  south-west  to  north-east,  from  north 
to  south,  and  even  from  east  to  west,  than  have  the  veins  in  the 
propylite,  which  course  principally  from  south-west  to  north-east. 
The  dip  is  usually  about  75°  towards  the  south-east,  but  occasionally 
towards  the  north-west.  Several  of  the  veins  may  be  followed  for  a 
great  distance  in  the  direction  of  their  strike.  The  Griiner  Lode  can 
be  traced  for  above  1,000  fathoms,  and  the  Spital  Lode  for  about 
half  a  mile,  so  that  this  lode,  with  its  great  thickness  of  twenty 
fathoms,  is  one  of  the  largest  in  the  world. 

Among  the  more  recent  minerals  found  in  these  lodes  may  be 
mentioned  calc  spar,  brown  spar,  diallogite,  spathic  iron  ore,  heavy 
sj)ar  and  gypsum.     The  ores  are  to  a  large  extent  concentrated  in 
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columnar  or  irregularly  formed  shoots,  which  ditfer  in  character  not 
only  in  the  various  lodes  but  frequently  also  in  the  same  fissure. 
In  this  way  the  north-east  portions  of  the  Spital  Lode  contain  only 
gold,  galena,  blende  and  copiser  jDyrites,  galena  playing  the  jDrin- 
cipal  part,  while  in  the  south-west  portions  silver  ores  almost 
exclusively  prevail.  The  most  productive  lodes  in  Schemnitz, 
namel}^  the  Grliner  Lode,  the  Stefan  Lode,  the  Johann  Lode, 
the  Spital  Lode,  the  Biber  Lode  and  the  Theresia  Lode,  occur  in 
propylite.  The  most  important  of  these  are  the  property  of  the 
State  and  their  production^  in  1893  was  44,240  tonnes  of  ores 
of  all  kinds  containing  211  kilogr.  gold,  5,564  kilogr.  silver, 
890  tonnes  of  lead  and  22  tonnes  of  copper. 

Kremnitz,-  eighteen  miles  north  of  Schemnitz,  is  one  of  the 
most  ancient  of  the  Royal  Free  Mining  Cities  of  Hungary.  Here  a 
mass  of  jDropylite,  surrounded  by  gray  trachyte,  is  traversed  by 
numerous  veins  which  are  so  intermixed  with  the  country  rock  that 
in  places  neither  their  strike  nor  their  dip  can  be  determined.  The 
mass  of  propylite  is  about  half  a  mile  in  length  and  from  1,000  to 
2,000  fathoms  in  width,  and  contains  finely  disseminated  auriferous 
pyrites,  which  becomes  concentrated  in  the  vicinity  of  veins  and 
fissures.  Although  the  deposit  generally  presents  rather  the 
appearance  of  a  stockwork  than  of  a  regular  lode,  yet,  strictly 
speaking,  this  is  not  a  correct  definition,  since  enclosed  in  the  pro- 
pylite are  two  distinct  and  parallel  groups  of  lodes,  coursing  from 
north  to  south,  which  are  known  ■  respectively  as  the  Main  Lode 
group  and  the  Georg-Sigmund  group. 

The  former  includes  the  Main  Lode,  the  Schramer  Lode,  the 
Kirchberg  Lode,  the  Schindler  Lode  and  the  Katharinen  Lode ; 
these  lodes  are  connected  together  by  numerous  flucans  and 
branches.  The  lodes  of  this  group  dip  from  45°  to  55°  east; 
the  branches  of  the  hanging  wall,  however,  always  incline  at  a 
greater  angle  than  the  foot  wall,  so  that  the  entire  system  of 
lodes  converges  in  depth,  thus  somewhat  resembling  an  open  fan. 
Fig.  93,  after  Windakiewicz,  represents  a  section  across  these  lodes. 
Their  thickness  varies  from  three  to  five  fathoms,  and,  at  the  point 
where  the  branches  meet,  is  sometimes  as  much  as  50  fathoms 
across.  The  filling  principally  consists  of  quartz  or  hornstone 
with  decomposed  country  rock,  and  intermixed  with  the  quartz 
is  finely  divided  argentiferous  and  auriferous  j)yrites,  which  imparts 
to  it  a  grayish  colour. 

^  Carl  Dery,  Uwjarisches  Montanhandbuch,  1896,  p.  18. 

-  E.  Windakiewicz,  Jahrh.  d.  k:  L  geol.  Beichsan-sL  xvi.  1866,  p.  217. 
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The  Georg-Sigmund  group  consists  of  the  Lettengang,  dipping 
65°  west,  and  the  Georg-Sigmund  Lode,  on  the  hanging  side  of 
the  latter,  dipping  70°  east.  The  filling  is,  for  the  most  part,  the 
same  as  that  of  the  previous  group,  except  for  the  occurrence  in 
the  latter  of  auriferous  stibnite  and  metallic  gold.  Among 
the  minerals  frequently  found  in  the  lodes  may  be  mentioned 
quartz,  calc  spar,  brown  spar,  heavy  spar,  auriferous  and 
argentiferous  iron  pyrites,  stibnite,  fahlerz,  pyrargyrite,  and  argen- 
tite;  while  arsenical  jDyrites,  "blende,  galena,  copper  pyrites,  and 
cinnabar  are  rare.  In  consequence  of  the  decomposition  of  pyrites 
the  outcrops  of  the  lode  were  especially  rich  in  gold.  These  mines 
too  are  the  property  of  the  State  and  produced  in  1893  ^  a  total  of 
17,015  tonnes  of  ore,  worth  XSjlO-i. 

At  Nagybanya,-  in  South-eastern  Hungary,  the  lodes  occur  in 
propylite,  and  only  occasionally  in  gray  trachyte,  which  is  pene- 
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Fig.  03. — Section  of  lodes,  Kremiiitz. 


trated  and  superstratitied  by  the  former,  their  strike  being  30°  to 
45°  east  of  north.  The  most  important  of  these  lodes  is  the  Kreuz- 
berg,  which  courses  north  and  south,  dips  from  70°  to  80°  west,  has 
an  average  thickness  of  three  feet,  sometimes  increasing  -to  six 
feet,  and  traverses  the  mountain  of  the  same  name  from  its  summit 
to  its  base.  The  lodes  generally  are  not  well  defined  and  have  no 
selvages.  The  filling  consists  of  quartz,  in  which  the  auriferous 
pyrites,  with  a  little  copper  pyrites,  is  finely  disseminated,  but 
nests  of  silver  ores,  especially  of  pyrargyrite  and  argentiferous 
fahlerz,  also  occur.  It  is  remarkable  that  at  the  Kreuzberg  the 
vai'ious  carbonates  are  entirely  absent,  as  are  also  heavy  spar, 
galena,  blende,  stibnite  and  realgar,  which  in  other  places  are  so 
frequently  found  in  similar  lodes.  Near  Nagybanya  are  the  mines 
of  Felsobanya,  Kapnik,  and  Olah-Lapos-Banya. 

Near  the  village   of  Felsobanya  is  situated   the   Grossgrubeu 
Mountain,  which  consists  principally  of  propylite,  and  is  at  the  foot 

^  UiKjarisrhes  Monfanhaiulbuch,  1896,  p.  19. 

-  F.  V.  Richthofen,  Jahrh.  d.  k.  k.  gtol.  Beiclimusf.  1860,  p.  238.    B.  v   Cotta, 
Berg,  taul  Hiittenm.  Zeit.  1861,  p.  81. 
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surrounded  by  Tertiary  beds.  The  lodes  occur  in  this  propylite 
striking  east  and  west,  and  in  the  direction  of  their  rise  open 
out  like  a  fan,  in  such  a  way  that  at  the  surface  the  group  has  a 
breadth  of  no  less  than  240  fathoms,  but  gradually  narrows  down 
as  it  gets  deeper.  These  lodes  have  a  thickness  varying  from  one 
to  twelve  fathoms,  and  a  dip  of  from  45°  to  70°.  Impure  quartz 
■containing  disseminated  pyrites  and  other  minerals  is  the  oldest 
and  most  important  veinstone,  and  is  very  rarely  absent,  but  when 
it  is  so,  realgar  and  stibnite  often  occur  in  fine  crystals.  Above 
the  quartz  come  auriferous  pyrites,  argentiferous  galena,  blende, 
copper  pyrites,  stibnite,  realgar,  and  argentite.  Then  follow  heavy 
spar  and  gypsum ;  while  among  the  most  recent  minerals  are  calc 
spar  and  brown  spar. 

The  lodes  at  Kapnik  ^  ai'e  very  similar  to  those  above  described, 
but  here  two  systems  of  veins  are  distinguished.  Those  of  the 
older,  like  those  of  Felsobanya,  course  east  and  west,  and  occur  in 
a  conglomerate  lying  at  the  boundary  of  the  propylite  and  gray 
trachyte.  The  filling  material  resembles  that  of  the  parts  of  the 
Felsobanya  lodes  which  are  poor  in  quartz,  but  when  quartz  is 
entirely  wanting  the  ores  lie  directly  upon  the  altered  rock.  The 
more  recent  system  of  lodes  courses,  like  the  Nagybanya  lodes,  30°  to 
45°  east  of  north,  and  their  thickness  varies  from  one  inch  to  seven 
feet.  Quartz  and  j)yrites  have  impregnated  the  country  rock,  and 
blende  and  galena  occur  in  threads.  The  lodes  often  contain  large 
druses,  in  which  are  found  the  magnificent  crystallised  minerals 
for  which  Kapnik  is  celebrated. 

At  Olah-Lapos-Banya  the  propylite  has  exercised  a  meta- 
morphic  action  on  the  Tertiary  beds,  and  the  lodes,  as  far  as  they 
occur  in  that  rock,  are  exactly  similar  to  those  of  Kapnik;  but 
where  they  traverse  Tertiary  strata  they  only  contain  quartz  with 
a  small  quantity  of  pyrites. 

Masurka-  is  situated  on  the  northern  border  of  the  granitic 
chain,  which,  4,000  to  6,000  feet  above  the  sea,  extends  from 
Djumbir  in  a  westerly  direction,  and  the  mine  is  worked  at  an 
altitude  of  from  2,500  to  3,000  feet.  Several  lodes  containing 
stibnite,  quartz,  and  native  gold  occur  in  the  granite  ;  but  of  these 
the  most  northerly  only  is  worked.  It  varies  in  width  from  a  few 
inches  to  twelve  feet,  dips  at  an  angle  of  from  25°  to  30°,  and  is 
much  dislocated   by  faults.     The  granite  in  the  neighbourhood  of 

^  B.  V.  Cotta,  Bi:r(j.  mid  Hiittenm.  Zc'tt.  1861,  p.  189.     H.  Hufer,  Jahrh.  d.  k:  L 
geol.  Reich.  1866,  p.  1. 

2  E.  Meier,  Jahrh.  d.  Ic.  I:  rjeol.  Rtkhsanst.  1868,  p.  257. 
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the  lode  has  undergone  much  alteration,  the  felspar  being  converted 
into  a  greenish-yellow  wax-like  mineral,  and  the  mica,  originally 
dark,  having  become  silver-white.  The  filling  principally  consists  of 
quartz,  stibnite  and  granite,  while  argentiferous  gold  is  finely  dis- 
seminated in  the  quartz.  Galena,  blende,  pyrites,  brown  spar  and 
calc  spar  occur  subordinately.  At  the  richest  points  the  stibnite 
is  disseminated  over  a  width  of  more  than  six  feet,  and  the  ore 
contains  enclosed  fragments  of  granite.  At  one  point  the  lode  is 
symmetrically  filled  in  with  stibnite  in  the  middle  and  quartz  on 
both  sides  of  it,  accompanied,  on  one  side,  by  a  brown  spar  string 
of  more  recent  formation. 

At  Schmollnitz^  a  zone  of  clay  slate  is  interstratified  with 
mica  schists,  and  encloses  beds  containing  patches  and  compact 
lenticular  masses  of  iron  pyrites.  The  clay  slate  zone,  which  is 
about  1,200  feet  in  thickness,  courses  from  east  to  west,  dips  from 
60°  to  75°  toAvards  the  south,  and  is  worked  for  a  distance  of  about 
three  miles  along  its  strike.  In  the  floor  and  roof  of  the  zone  of 
clay  slate,  which  may  be  regarded  as  the  ore  deposit,  there  is  a 
black  carbonaceous  slate  containing  a  large  proportion  of  silica. 
The  gray  clay  slates  of  this  bed  enclose  two  principal  metalliferous 
zones,  varying  from  six  to  sixty  feet  in  thickness,  containing  pyrites, 
but  they  are  not  distinctly  separated  from  the  gray  slates,  as  they . 
always  contain  more  or  less  sulphides.  The  ores  are  principally 
iron  and  copper  pyrites,  partly  separated  out  as  crystals  in  the 
slate,  and  partly  as  compact  masses  more  or  less  associated  with 
quartz.  The  latter  often  appear  as  lenticular  bodies  of  variable 
dimensions  enclosed  in  clay  slates. 

Three  large  lenticular  masses  of  pyrites,  known  respectively  as 
the  Liegcnd-Kiesstoclv,  the  Hangcnd-Kiesstoclc,  and  the  Engdhcrti- 
Kicsstocl',  are  especially  remarkable.  The  largest  of  these  lenticular 
masses  is  the  Liegend-Kiesstock,  which  is  210  fathoms  along  its 
strike,  75  fathoms  in  the  direction  of  its  dip,  and  19  fathoms  in 
thickness.  The  Hangend-Kiesstock  may  be  followed  for  a  distance 
of  142  fathoms  along  its  strike,  and  63  fathoms  on  its  dip,  while 
its  thickness  is  7  fathoms.  The  Engelberti-Kiesstock  has  a  length 
of  160  fathoms,  a  width  on  its  dip  of  40  fathoms,  and  a  thickness 
of  15  fathoms.  These  deposits  are  accompanied  by  shales  impreg- 
nated with  pyrites,  and  in  the  eastern  portion  of  the  zone  traces  of 
galena,  blende,  and  various  ores  of  cobalt  have  been  discovered. 

At  Herrengrund,-  near  Neusohl,  very  irregular  deposits  occur 

G.  Faller,  B.  n.  H.  Jahrb.  d.  I:  I:  Oesterr.  Bergacad.  xvii.  1868,  p.  193. 
2  B.  V.  Cotta,  Berg,  und  Hatttum.  Ztit.  1861,  p.  58. 
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in  the  gneiss,  mica  schist  and  grauwacke  slates,  near  their 
junction  with  the  granite.  The  mineralogical  constitution  of 
the  mass  is  here  usually  as  irregular  as  its  form.  The  so-called 
Pfeifer  Lode  appears  to  be  a  thick  vein  of  spathose  iron  ore  cutting 
obliquely  through  siliceous  slate,  and  containing  fahlerz  either 
disseminated  or  in  strings.  In  the  southern  portion  of  the  field, 
bed-like  lenticular  masses  of  fahlerz  associated  with  copper 
pyrites  and  quartz,  from  six  to  ten  inches  in  thickness,  lie  between 
the  foliations  of  a  gneiss  which  passes  over  into  a  talco-micaceous 
schist. 

At  Dobschau,^  gabbro,  partially  converted  into  serpentine,  is 
surrounded  by  clay  slates  resting  Tipon  gneiss  and  granite.  The 
lodes  occur  on  the  edge  of  the  gabbro  in  the  vicinity  of  the  clay 
slates ;  they  exhibit  a  fan-like  arrangement,  and  possess  the  char- 
acteristics of  composite  lodes  separated  by  no  distinct  boundary 
fi'om  the  country  rock.  They  sometimes  attain  a  thickness  of 
24  feet,  and  are  principally  filled  with  country  rock  traversed 
by  threads  of  ore.  A  compact  mixture  of  copper  and  nickel 
ores  is  the  mineral  wrought ;  this  contains  from  17  to  22  per  cent, 
of  nickel,  and  from  4  to  10  per  cent,  of  copper.  Compact  fahlerz, 
copper  pyrites,  erubescite,  and  nickeliferous  pyrites  are  rare. 
Spathic  iron  ore,  calc  spar  and  ankerite  accompany  the  ore  as 
gangue. 

Transylvania.- — The  mining  town  of  Nagyag,  in  Transylvania,. 
is  situated  in  a  valley  on  the  northern  slope  of  a  trachytic  moun- 
tain range,  twelve  miles  north-west  of  the  town  of  Broos  and 
lying  between  the  rivers  Maros  and  Aranyos.  All  the  surrounding 
country  is  composed  of  propylite,  which  has  burst  through  beds  of 
Miocene  age,  consisting  of  limestones,  sandstones,  conglomerates 
and  red  clays.  The  propylite  encloses  large  masses  of  Tertiary 
sandstones  and  conglomerates,  which  have  experienced  no  apparent 
alteration.  The  lodes  vary  in  thickness  from  a  few  inches  to  six 
feet,  and  their  course  is  usually  either  north  and  south  or  south- 
east and  north-west,  with  a  dip  at  a  considerable  angle,  thus 
forming  a  complicated  network  of  veins.  The  ores  occur  in 
propylite,  and  both  this  rock  and  the  enclosed  sandstones  and 
conglomerates  are  traversed  by  so-called  Glauch  lodes.  This  term 
the  miner  applies  to  eruptive  masses  or  dykes  enclosing  angular 
fragments    of  the    country  rock,    and  of  a  peculiar   slate    which 

1  G.  Faller,  B.  n.  H.  Jalirh.  d.  L  h  Oesterr.  Bergarad.  1868,  xvii.  p.  16.'). 

2  B.  V.  Cotta,  Berg,  mid  Hiifttnm.  Zeit.  1861,  p.  190.    H.  Hofei-,  Jahrh.  d.  L 
k.  geol.  Beichsanst.  1866,  p.  1. 
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contains  rounded  patches  of  quartz  about  the  size  of  a  nut.  The 
Glauch  of  Nagyag  is  a  rock  closely  resembling  dacite.  The  Gla.uch 
lodes  vary  from  an  inch  to  three  feet  in  thickness,  and  have 
generally  a  course  similar  to  that  of  the  ore-bearing  lodes,  on  the 
productiveness  of  -which  they  apparently  exercise  a  favourable 
influence.  The  ore-bearing  veins  in  the  hard  propylite  are  usually 
thin  and  unproductive,  but  when  it  is  less  hard  they  are  thicker 
and  moi'e  metalliferous  ;  in  a  soft  country  rock  they  are  commonly 
much  split  up.  They  traverse  both  the  propylite  and  the  Lrlauch. 
The  most  important  minerals  found  in  the  lodes  are  quartz  and 
hornstone,  brown  spar,  calc  spar,  native  gold,  nagyagite,  sylvauite, 
hessite,  native  tellurium,  oxide  of  manganese,  blende  and  iron 
pyrites.  More  rarely  they  contain  gypsvim  with  enclosed  scales  of 
gold,  heavy  spar,  native  arsenic,  magnetic  pyrites,  copper  pyrites, 
fahlerz,  bournonite,  galena,  stibnite,  plumosite,  blende,  realgar, 
orpiment  and  native  sulphur.  In  the  propylite  are  found 
nagyagite,  alabandite,  diallogite,  with,  subordinately,  galena,  blende, 
argentiferous  fahlerz  and  quartz ;  in  the  conglomerates,  on  the 
other  hand,  sylvanite,  quartz  and  fahlerz  are  found. 

Oflfenbanya,^  is  situated  north-west  of  Abrudbanya,  in  the 
Transylvanian  Erzgebirge,  between  the  rivers  Aranyos  and  Maros. 
Here  fissures  about  one  inch  in  thickness  traverse  much- weathered 
propylite,  and  contain  free  gold  with  ores  of  tellurium  associated 
with  quartz,  calc  spar,  brown  spar,  diallogite,  iron  pyrites,  blende, 
fahlerz,  galena,  native  silver  and  pyrargyrite.  These  so-called 
tellurium  veins  are  obliquely  traversed  by  others  containing  quartz 
and  iron  pyrites,  which  have  a  favourable  influence  on  .their 
productiveness. 

The  workings  which  have  opened  up  the  tellurium  veins,  have 
also  passed  through  an  adjacent  granular  limestone  containing 
massive  deposits  of  ore.  The  form  of  these  is  very  irregular,  as 
they  occur  as  nests,  pockets,  and  threads,  varying  in  size  from 
the  smallest  patches  to  large  masses.  Among  the  ores  con- 
tained in  these  deposits  are  iron  pyrites,  galena,  blende,  sulphide  of 
manganese,  psilomelane,  fahlerz  and  stibnite.  The  principal  earthy- 
minerals  are  calc  spar,  brown  spar,  silicate  of  manganese,  hornstone, 
quartz  and  clays.  Grimm  -  states  that  a  longitudinal  arrangement 
of  the  minerals  within  the  ore  mass  or  in  the  lodes  and  cavities  is 
exceptional. 

The  contact  masses  of  Rodna  occur  under  very  similar  geological 

1  PoSepny,  Jahrh.  d.  k.  I:  yeoL  RekhsaiiHt.  1875,  p.  70. 

2  Btr(j.  ttnd  Hiittenm.  Jahrhuch.  d.  k.  k.  Oesttin:  Bergacad.  xvi.  1S67,  p.  306. 
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conditions  to  those  of  Offenbanya,  The  district  is  composed  of 
mica  schist  and  hornblende  schist,  with  numerous  intercalations  of 
granular  limestone.  Tertiary  beds  also  occur.  Numerous  masses 
of  andesite  burst  through  these  rocks,  and,  where  they  come  in 
contact  with  the  granular  limestone,  ore  deposits  occur  enclosed  in 
the  latter  rock.  The  size  of  the  ore  bodies  is  very  variable  ;  the 
one  which  is  at  the  present  time  principally  worked  has  a  vertical 
height  of  278  feet,  and  a  thickness  of  92  feet.  It  has  been  explored 
for  a  length  of  390  feet  without  the  end  having  been  reached. 
The  ore  is  a.  mixture  of  iron  p)yrites,  blende  and  argentiferous 
galena,  consisting  of  60  per  cent,  iron  pyrites,  20 — 25  per  cent, 
blende,  and  6 — 8  per  cent,  galena,  the  remainder  being  calcite  and 
quartz.i  Arsenical  pyrites  and  dolomite  also  occur.  The  ores 
contain  gold  and  silver.  Posepny  ^  determined  the  relative  age  of 
the  minerals  to  be  as  follows : — (1)  Iron  pyrites  and  quartz ;  (2) 
galena,  blende  and  arsenical  pyrites ;  (8)  dolomite  and  calcite. 
Von  Beust  ^  and  Posepny  are  of  opinion  that  the  Rodna  deposit  is 
of  metamorphic  origin,  formed  by  the  eruption  of  the  andesite  ; 
while,  on  the  other  hand,  Grimm'*  regards  it  as  an  ore  deposit 
originally  formed  in  the  limestone,  and  subsequently  split  up  by 
the  eruption  of  the  andesite. 

The  Transylvanian  village  of  Vorospatak  ^  lies  in  a  deep  valley 
five  miles  north-east  of  Abrudbanya,  and  is  built  upon  a  sandstone 
recognised  as  of  Eocene  age.  In  a  westerly  direction  the  valley 
is  closed  by  a  crescent-shaped  mountain  ridge  composed  of  a 
hornblendic  rock  generally  regarded  as  propylite,  which  must  be 
more  recent  than  the  Tertiary  sandstone,  which  it  has  broken 
through.  Towards  the  south  rises  the  bare  and  rocky  mountain 
ridge  of  Cs^tatje,  composed  of  a  much  altered  eruptive  rock, 
probably  propylite,  which  is  impregnated  with  iron  pyrites  and 
traversed  by  innumerable  irregular  veins  containing  quartz,  gold, 
iron  pyrites,  blende,  fahlerz,  magnetic  pyrites,  galena,  berthierite, 
calc  spar,  spathic  iron  ore,  &c.  Black  clayey  masses,  called  CUamm, 
containing  fragments  of  mica  schist  and  sandstone,  traverse  the 
productive  rock  in  the  form  of  veins  and  threads.  This  productive- 
ness is  continued  from  the  eruptive  rocks  into  the  adjacent  Eocene 

^  G.  V.  Rath,  Zeitschr.  d.  d.  <jeoL  GeseUach.  xxx.  1878,  p.  .556. 
-  Jahrbuch.  d.  k.  I:  geol.  Reichsanst.  1865,  p.  183,  and  187U,  j).  19. 
^  Jahrbuch.  d.  I:  Jc.  geol.  Reichsanst.  1869,  p.  367. 

■*  Berg,  mid  HiUfenm.  Jahrbuch.  d.  k:  k.  Oesterr.  Bergacad.  187t.t,  p.  170. 
5  B.  V.  Gotta,  Berg,  mid  Hiittemn.  Ztit.    1861,  p.  173.     F.  PoSepny,  Jahrh,  d. 
k.  k.  geol.  Reichsanst.  1867,  p.  99.     C.  Doelter,  ibid.  1874,  p.  7. 
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sandstones,  Avhich  are  traversed  by  numberless  fissures  filled  with 
quartz,  auriferous  iron  pyrites,  fahlerz,  copper  pyrites,  calc  spar, 
&c.  Occasionally  such  fissures  may  be  followed  for  more  than 
100  fathoms  along  their  strike  and  30  fathoms  in  the  direction  of 
their  dip. 

In  1873  no  less  than  416  mining  companies  were  at  work  in 
the  gold  districts  of  Transylvania,  giving  employment  to  8,369 
miners  who,  although  a  considerably  smaller  number  than  was 
formerly  employed,  still  made  their  living  by  this  industry ;  in 
1876,  however,  the  number  of  companies  was  still  further  reduced 
to  383,  employing  6,613  miners.  In  1877  this  region  produced 
27,870  oz.  of  gold,  20,108  oz.  of  silver,  4f  tonnes  of  copper,  and  1^ 
tonnes  of  lead,  of  an  aggregate  value  of  £126,900.^ 

The  Banat.- — The  eruptive  rocks  of  the  Banat  and  Servia 
strike  generally  from  north  to  south  in  a  zone  190  miles  in  length. 
To  these  rocks,  wdiich  are  probably  diorites,  v.  Cotta  gives  the 
■collective  name  of  banatites.  They  are  accompanied  by  crystalline 
slates,  by  Jurassic  rocks,  and  probably  also  by  rocks  of  Cretaceous 
age.  At  the  junction  of  the  eruptive  and  sedimentary  rocks,  the 
limestones  become  crystalline,  and  enclose  garnets,  wollastonite,  and 
vesuvianite.  Associated  w^ith  these  rocks  are  irregular!}'  formed 
contact  deposits  which  contain  iron  pyrites,  magnetite,  and  a  great 
number  of  other  minerals ;  among  the  sulphides,  iron  pyrites, 
copper  pyrites  and  blende  predominate.  The  most  important  and 
best  known  mining  districts  of  this  zone  are  those  of  Rezbanya, 
Moravicza,  Dognazka,  Oravicza,  and  Cziklova. 

The  deposits  of  Rezbanya  have  been  Avell  described  bath  by 
Peters^  and  by  Posepny.^  According  to  the  latter  the  irregular 
ore  deposits  of  this  district  represent  cavities  occurring  as  dislocating 
fissures.  They  occur  in  patches  of  Mesozoic  limestone  of  ages 
varying  from  Liassic  to  Neocomian.  The  ore  filling  is  mostly  con- 
fined to  the  neighbourhood  and  sometimes  to  the  immediate 
contact  of  eruptive  rocks.  A  good  example  is  at  Reichenstein.^ 
Peters  gives  a  list  of  sixty-three  different  minerals  occurring 
in  these  deposits. 

The  following  tables  illustrate  the  mineral  jiroduction  of 
Huiigary  : — 

1  Oe-^ten:  Ztifsrhr.  xxvii.  1879,  p.  477. 

-  B.  V.  Cotta,  Berfj.  und  Hiittenm.  Ztit.  1864,  p.  118. 

3  Benj.  und  Hiittenm.  Ztit.  1862,  p.  269. 

*  Jahrh.  d.  k.  k.  geol.  Rdchsanst.  1875,  p.  40. 

^  F.  PoSepny,  Tram.  Amer.  Inst.  Min.  Eny.  xxiii.  1894,  p.  288. 
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General   Summaries   of   the   PRODrcTiox   of  Metalliferous    Minerals    ix 
Hungary  during  the  Years  1881  ^  and  1894.- 

1881. 


Description  of  Ore. 


Iron  ore   

Copper  ore 

Lead  ore 

Zinc  ore  

Iron  pyrites 

Silver  and  Gold  ore 

Ores  containing  Gold,  Silver,  Lead  ) 

and  Copper ) 

Cobalt  and  Nickel  ore 

Antimony  ore 

Quicksilver  ore 

Manganese  ore 


Quantities. 


Tonnes. 

465,479 
7,889 
1,386 
1.462 
47,129 
6,267 

96,519 

137 

767 

2 

2,832 


Values. 


Total  value  of  ^letalliferous  Minerals  ^jroduced 
in  1881  


Florins. 
1,250,263 
407,302 
146,061 
38,591 
206,890 
706,939 

676,048 

79,214 

84,728 

350 

21,308 


3,617,694 


£3 

125,026 

40,730 

14,606 

3,859 

20,689 


70.603  18 

67.604  16 

7,921     8 

8,472  16 

35    0 

2,130  16 


361,679    8 


1894. 


Description  of  Products. 

Quantities. 

S'alues. 

Gold Kilogr. 

Silver -    . 

Copper Tonnes 

Lead ,, 

Iron  pyrites ,, 

Iron  ores  (exported)  ...          ,, 

Bar  iron ,, 

Pig  iron ,, 

Crude  Antimony  and  metal         , , 

Antimony  ore ,, 

Nickel  and  Cobalt  ores  .    .          ,, 
Cobalt  and  Nickel  alloy    .           ,, 

Litharge ,, 

Ochre ,, 

•  2,687 

20,155 

271 

2,113 

74,619 

237,476 

312,148 

17.837 

385 

1,266 

24 

23 

689 

608 

195 

1,837 

3 

28 

Florins. 

4,497,627 

1,217,186 

135,367 

295,015 

320,970 

751,845 

11,216,865 

1,397,922 

124,642 

68,733 

8,106 

9,374 

117,512 

13,853 

2,180 

4,699 

1,815 

2,520 

£3 

449,763 

121,719 

13,537 

29,501 

32,097 

75,185 

1,121,687 

139,792 

12,464 

6,873 

811 

937 

11,751 

1,385 

218 

470 

181 

252 

Manganese  ore ,, 

Mercury Kilogr. 

Tin Tonnes 

Bismuth ,, 

Total  value  of  Metalliferous  Products  for  1894  . 

20,186,231 

2,018,623 

^  Inclusive  of  all  countries  belonging  to  the  Crown  of  St.  Stephen,  namely, 
Hungary,  Ti-ansylvania,  Kroatia-Slavonia,  &c.  From  figures  supplied  hj  the 
Royal  Hungarian  Statistical  Bureau. 

2  Bergwerks  und  Hiitten.  Production  Ungarns,  1894  ;  Oe^terr.  Zeitich.  f.  Bery.. 
V.  Hiiftenvesm,  1896,  No.  6,  p.  69. 

^  The  florin  is  taken  at  2  shillings. 
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Nearly  the  whole  of  the  geological  formations,  both  igneous  and 
sedimentary,  are,  to  some  extent,  rejDresented  in  Italy,  and  among 
the  former  may  be  included  the  erupti^'e  rocks  now  being  poured 
forth  from  the  volcanoes  of  Naples  and  Sicily.  These  different 
formations  yield,  more  or  less  abundantly,  various  useful  minerals. 
Italy  contains  deposits  of  iron,  copper,  zinc,  argentiferous  lead, 
quicksilver,  and  other  ores,  which  are,  to  some  extent,  treated 
in  the  country,  but  are,  for  the  most  j)art,  exported.  These 
deposits  usually  occur  either  as  lodes  traversing  the  older  rocks, 
or  in  lenticular  masses  interstratified  with  their  bedding.  Lead 
occurs  in  combination  with  suljahur  as  galena,  while  zinc, 
principally  as  carbonate  or  silicate,  is  found  in  the  Silurian 
rocks  of  Sardinia,  and  also  to  a  small  extent  in  the  Triassic 
dolomites  of  Lombardy.  Copper  occurs  in  the  older  slates  as 
copper  pyrites,  either  in  beds  of  various  thickness  as  at  Agordo  in 
the  Aosta  Valley,  in  veins  in  the  serpentines  and  gabbros  of 
Tuscany  and  Liguria,  and,  lastly,  in  quartz  veins  traversing  some 
of  the  older  rocks  of  Tuscany.  Quicksilver  is  obtained  from 
deposits  of  cinnabar  occurring  in  the  Eocene  rocks  of  the  Monte 
Amiata.  Iron  ores  occur  in  various  localities  in  the  Aosta  Valley 
and  in  other  places.  In  the  Alps  there  are  deposits  of  magnetite, 
which,  although  somewhat  difficult  to  treat,  yield  an .  exceedingly 
soft  iron.  There  are  also  extensive  deposits  of  spathic  iron  ore  in 
the  Triassic  sandstones  of  Lombardy,  which,  for  the  most  part,  yield 
ores  rich  in  manganese,  and,  when  smelted  with  charcoal,  afford 
iron  and  steel  of  good  quality.  Brown  iron  ores  occur  in  irregular 
veins  and  masses  at  Gualdo  Tadino  in  the  Central  Apennines,  and 
in  the  Atina  Mountains.  A  limonite  bed  at  Pazzano,  in  Calabria, 
somewhat  extensively  wrought  by  the  ancients,  was  formerly  worked 
by  the  State,  and  afterwards  by  private  individuals,  but  was 
ultimately  abandoned  as  unprofitable. 

The  most  important  iron  mines  are  those  belonging  to  the 
Government  in  the  Island  of  Elba,  where  the  ore  consists  chiefly 
of  haematite  and  magnetite  deposited  in  irregular  masses  along  the 
eastern  coast  of  the  island,  where  the  proximity  of  the  sea  affords 
great  facilities  for  shipping.  The  Kingdom  of  Italy  is  officially 
divided  into  ten  mining  districts,  with  a  central  office  at  Rome. 
The  head-quarters  of  the  ten  districts  are  severally  situated 
at    Ancona,    Caltanissetta   (for    the    whole    of   Sicily),   Florence, 
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Genoa,  Iglesias   (for  Sardinia),  Milan,  Naples,  Rome,  Turin,  and 
Vicenza.^ 

Gold. — A  considerable  number  of  localities  in  Italy  were 
known  to  the  ancients  as  producing  gold,  but  the  only  mines  now 
of  any  importance  are  those  situated  in  the  mineral  district  of 
Turin  in  North  Piedmont,  where  veins  of  quartz  containing 
auriferous  pyrites  are  enclosed  in  non-fossiliferous  slates  and  schists. 
The  mines  of  this  district  were  extensively  worked  in  the  time  of 
Pliny,  who  states  that  the  Senate  limited  the  number  of  slaves  to 
5,000  in  order  to  prevent  a  reduction  in  the  price  of  the  precious 
metal.  Tlie  principal  amalgamation  works  are  situated  on  various 
streams  near  the  foot  of  Monte  Rosa,  a  considerable  amount  of 
gold  having  been  found  in  the  valleys  of  Anzasca,  Toppa,  and 
Antrona.  The  most  important  mines  are  those  of  Pestarena  and 
Yal  Toppa,  worked  by  an  English  company,  where  the  ore  consists 
of  quartz  carrying  granular  auriferous  pyrites.  The  rich  portions 
of  the  vein  run  in  well-marked  chutes,  nearly  vertical,  which 
though  of  no  great  length  appear  to  continue  down  well  in  dejDth. 

The  production  of  gold  during  the  year  1881  exceeded  that  of 
the  previous  year  by  973  oz.  5  dwt.  23  gr.,  and  the  amount  realised 
exceeded  that  obtained  the  previous  year  by  £1,985  15s.  Id. 

The  returns  for  1881  were  as  follows  : — 
oz.     dwt.  gr. 
From.  Pestarena     5,084     0     0     value 
From  Val  Toppa    2,165  13     7 

7,249  13     7  25,562     6     3 

At  Pestarena  the  average  yield  of  bar  gold  per  ton  of  ore 
treated  was  1  oz.  3  dwt.  11  gr.,  being  83-3  per  cent,  of  the  total 
amount  present.  At  Val  Toppa  the  yield  of  bar  gold  per  ton 
was  6  dwt.  10  gr.  ;  or  81-9  per  cent,  of  the  gold  present  was 
extracted.-^ 

1  The  corps  of  Italian  mining  engineers,  published  about  1881,  at  the  request 
of  the  Minister  of  Agriculture  and  Commerce,  a  collection  of  interesting  statistics 
relatino'  to  the  mining  indiistry  of  Italy,  entitled  Notizie  sfafisfiche  sit//a  Industria, 
Mineraria  in  Italia  da/ 1860  a/ 1880,  Rome,  1881,  a  volume  of  more  than  400  pages. 
This  has  been  republished  in  the  Bevue  Universdle  des  Mines,  and  has  also  been 
translated  by  C.  v.  Ernst,  who  has  materially  added  to  it  from  his  personal  notes, 
and  by  extracts  from  I  Tesori  sotterranei  delP  Italia,  by  (i.  Jervis,  3  vols.  Turin, 
1873,  1881.  These  papers  appeared  in  the  Oesterreichische  Zeitschrift,  and  have 
been  separately  published,  in  book  form,  under  the  title  of  Die  Montanindustrie 
Italieiis,  by  C.  v.  Ernst,  Vienna,  1883.  More  recently,  an  excellent  annual  report 
known  as  the  Rirista  del  Servizio  Minerario  has  been  regularly  issued  by  the 
Corpo  Reale  delle  Miniere. 

2  Re2)0rt  of  the  Pedarena  United  Gold  Alining  Company,  December,  1881. 
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More  recently  a  number  of  other  concessions  have  been  acquired 
by  this  company ;  the  chief  source  of  the  gold  supply  is  still  the 
Peschiera  mine  at  Pestarena,  but  Val  Toppa  and  Cani  also  produce 
some  gold  quartz.  In  the  newer  mines,  Kint,  Pozzone  and 
Stabioli,  work  is  chiefly  confined  to  prospecting  operations.  During 
recent  vears  ^  the  results  have  been  as  follows  : — 


Period. 

Quartz 
crushed. 

Bar  Gold  obtained. 

Weight.                  Value. 

July,  1893— June,  1894  .    . 
July,  1894— Sept.,  1895  .    . 

Statute  Tons. 
5,788 
6,851 

12,639 

Ounces. 

7,527 

9,560 

£ 
27,285 
32,782 

Total  for  27  months     .    . 

17,087                60,067 

Almost  the  whole  of  the  above  quartz  came  from  the  Pestarena 
district ;  this  yielded  at  the  rate  of  1  oz.  0  dwt.  7  gr.  of  fine  gold 
to  the  ton  of  stone,  or  86"8  per  cent,  of  the  assay  value,  during 
1893-94,  and  1  oz.  0  dwt.  22  gr.  to  the  ton,  equal  to  88  per  cent, 
of  the  as.say  value,  during  1894-95.  In  the  former  period  451  tons 
of  ore  from  the  Val  Toppa  district  yielded  at  the  rate  of  11  dwt. 
3  ST.  of  fine  gold  to  the  ton. 

According  to  Jervis^  there  were,  in  1879,  twenty-eight  gold 
mines  in  Italy,  producing  in  the  aggregate  9,700  tonnes  of 
auriferous  ore.  In  1880  the  output  of  the  Italian  gold  mines 
had  increased  to  11,709  tonnes  of  ore,  worth  £23,699 ;  as,  how- 
ever, the  Pestarena  United  Mines  produced  in  that  year  gold  to 
the  value  of  £23,580  10s.  lOf^.  it  leaves  only  £118  9s.  2rf.  as  the 
value  of  the  gold  obtained  in  all  the  other  mines  in  Italy.  In  the 
various  valleys  running  down  from  Monte  Rosa,  such  as  those  of 
Antrona,  Anzasca,  Sesia,  &c.,  there  are  numerous  mineral-bearing 
veins,  either  in  the  gneiss  of  Monte  Rosa,  or  in  the  zone  of  contact 
between  the  gneiss  and  dioritic  schists.^  A  company  known  as 
the  Monte  Rosa  Gold  Mining  Company,  Limited,  has  commenced 
mining  operations  by  drifting  upon  a  well  characterised  quartz 
vein  encased  in  gneiss. 

In  1894  dredging  operations  were  commenced  for  the  treat- 
ment of  the  sands  of  the  river  Ticino.     The  plant  was  not  quite  in 

1  Beports  of  the  Pestarena   United  Gold  Mining  ComjMny,  Limited,  for  1894 
and  1895. 

2  G.  Jervis,  DeW  Oro  in  Xatura,  Turin,  1881,  p.  68. 

3  Rivista  del  Servizio  Minerario  nel  1894,  p.  271. 
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thorouoh  working  order,  nevertheless  1,100  cubic  metres  of  sand 
were  excavated  and  485  grammes  of  gold  were  obtained  (about 
5^  o-rains  to  the  cubic  yard).  Operations  are  to  be  resumed  in 
1895,  when  it  will  be  seen  whether  this  industry  is  likely  or  not  to 
prove  an  enduring  one.'^ 

Silver. — The  first  silver  ores  were  discovered  in  1870  at  the 
Monte  Narba  Mine,  on  the  eastern  coast  of  Sardinia,-  where  the 
metal  occurs  in  the  native  state,  as  sulphide,  and  sometimes  as 
horn  silver,  or  as  pyrargyrite.  Silver  is  now  obtained  from  the 
mines  of  Monte  Narba,  Giovanni  Bonu,  Bacu  Arrodas,  and  Correboi, 
in  the  east,  and  from  Perda  San  Oliu,  in  the  west,  of  the  island, 
in  the  neighbourhood  of  Sarrabus.  At  Monte  Narba  the  lode, 
about  a  metre  wide,  occurs  in  Silurian  clay  slate  in  the  vicinity  of 
porphyry,  courses  from  east  to  west,  and  dips  70°  north,  parallel  to 
the  stratification  of  the  country  schists  and  of  certain  beds  of 
quartzite,  which  the  vein  follows  pretty  closely.  At  Giovanni  Bonu 
some  remarkable  masses  of  ore  have  been  met  with.  The  gangue 
consists  of  quartz,  calc  spar,  and  fluor  spar,  associated  with  clays 
and  various  silicates  ;  heavy  spar  is  rare,  and  the  lode  contains 
argentiferous  galena  as  well  as  true  silver  ores,  the  argentiferous 
galena  appearing  to  replace  the  silver  ore  in  increasing  proportion 
as  greater  depths  are  attained.  At  Sarcilone  a  French  company  is 
working  on  a  cross  fissure,  running  north  and  south,  which  proved 
extremely  rich  at  one  time,  although  barren  at  the  outcrop.^ 

In  1881,  771,600  oz.  of  silver  were  obtained  from  the  Sardinian 
silver  mines.  Their  most  productive  year  was  1885,  when  the 
value  of  the  output  was  £96,000.  In  1894  their  production  w^as 
1,102  tonnes  of  silver  ore,  worth  £31,770. 

Quicksilver.^ — At  Vallalta,  in  the  Agordino,  a  pyritic  deposit 
is  worked  which  contains  cinnabar  ;  the  mineral  is  poor,  yielding 
only  ^  per  cent,  of  quicksilver,  and  the  mines  ceased  working  in 
1880.     Cinnabar  also  occurs  at  Stazzema. 

The  principal  centre,  and  now  practically  the  only  one  in  Italy, 
of  mercury  production  is  at  Monte  Amiata  in  Tuscany,  where 
mining  operations  commenced  about  1846.  Monte  Amiata  is  an 
-eruptive  mass  of  trachyte,  breaking  through  strata  of  Eocene 
limestone ;  deposits  of  cinnabar  are  found  in  the  zone  of  contact  of 
the  eruptive  and  stratified  rocks,   and  also  in  bunches  and  small 

1  Rivisfci  del  Servizio  Minerario  nel  1894,  p.  272. 

2  C.  V.  Ernst,  "  Silbererzvorkommen  in  Sardinien,"  Oesferr.  Ztitschr.  1876, 
No.  9,  and  1877,  No.  7. 

3  Fuclis  and  De  Launay,  Traite  des  gitts  miueraux  et  metalUfire-f,  ii.  p.  775. 
*  Rev.  Uuiv.  xi.  1882,  p.  437. 
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irregular  veins  in  formations  of  ages  ranging  from  Miocene  to 
Jurassic.  The  deposits  occur  principally  in  the  calcareous  strata, 
but  are  not  quite  confined  to  them.  Owing  chiefly  to  the  irregular 
nature  of  the  deposits,  the  various  mines  are  worked  on  a  small 
scale  and  somewhat  erratically.  The  ore  is  found  much  inter- 
mingled with  clay  and  associated  with  iron  pyrites.  Hepatic 
mineral  springs  and  blowers  of  sulphuretted  hydrogen  gas  occur 
within  the  mineral  area  apparently  connected  with  the  trachytic 
eruptives.  The  chief  mines  are  those  of  Siele,  which  is  the  most 
important,  Cornacchino,  and  Montebuouo.  The  production  of 
metallic  mercury  in  this  district  for  the  last  five  years  has  been  : — ^ 

1890 449  tonnes 

1891 .  330      „ 

1892 325      „ 

1893 273      „ 

1894 258      „ 

To  obtain  this  last-named  amount,  15,022  tonnes  of  low  grade 
cinnabar  ore  were  treated. 

Lead. — The  most  important  lead  mines  of  Italy  are  in  the 
island  of  Sardinia,  but  there  are  also  numerous  deposits  of  lead  ore 
on  the  mainland,  although  they  have,  in  very  rare  cases  only,  given 
rise  to  mining  operations  upon  an  extensive  scale.  In  the  mining 
district  of  Turin  the  production  of  lead  ore  was  in  the  year  1880 
confined  to  the  Tenda  Mine,  in  the  province  of  Cuneo.  The  ore 
produced  is  a  finely  granular  galena,  associated  with  copper  pyrites, 
iron  pyrites,  and  blende.  It  contains  about  70  per  cent,  of  lead 
with  a  little  silver;  its  production  in  1880  Vv^as  fifty-six  tonnes  of 
ore,  Avorth  £440. 

The  district  of  Turin  produced  100  tonnes  of  lead  ore  valued 
at  £50  in  1894.  Out  of  this  quantity  the  Cuneo  district  produced 
40  tonnes  of  poor  ore.  The  Tenda  Mine  closed  down  in  1888  ;  in 
1892  the  Vieille  Montague  Company  took  over  the  mine  and 
prospected  it,  but  the  result  of  their  operations  was  the  discovery 
of  only  some  2,000  tonnes  of  blende  containing  a  certain  amount 
of  silver.  As  this  quantity  did  not  seem  to  justify  the  erection  of 
the  necessary  tramways  and  plant,  the  mine  was  again  abandoned 
at  the  end  of  1894.' 

In  the   mining   district  of  Milan,  the   Brusimpiano   Mine  was 

^  Rivista  del  Servizio  Minerario  nel  1S94,  j).  110. 
2  Ibid.  p.  271. 
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worked  on  a  vein  from  three  to  six  feet  in  thickness  containing 
galena,  cerussite,  iron  jDyrites,  jamesonite,  copper  pyrites  and 
malachite.  The  Morso  Alto  is  a  lead  mine,  worked  upon  a  lode 
twenty  inches  in  thickness  in  syenite,  filled  with  quartz  and  heavy 
spar.  The  galena  contains  70  per  cent,  of  lead,  and  is  rich  in 
silver.  These  mines,  together  with  the  Sotto  Cavallo  Mine  and 
Casa  della  Miniere  Mine  in  the  province  of  Como,  with  the  Lanzani 
Mine  then  recently  opened  near  Bergamo,  produced,  in  1880,  only 
684  tonnes  of  ore,  worth  £8,566. 

Practically  the  only  mines  in  operation  in  this  district  in  1894^ 
were  those  worked  by  the  Brescia  Mining  and  Metallurgical  Com- 
pany Limited,  in  Brescia.  They  are  exploiting  a  network  of  veins 
that  traverse  a  series  of  micaceous  quartzites  and  schists  of  Carbon- 
iferous age  ;  there  are  also  a  number  of  porphyry  dykes  intersecting 
these  stratified  rocks  in  the  neighbourhood  of  the  veins.  These 
latter  may  be  divided  into  three  groups,  the  first  striking  N.  40°  W., 
a  second  almost  at  right  angles  to  the  first,  and  a  third  intermediate 
in  bearing  between  the  two  others.  The  veins  are  of  verv  variable 
width  up  to  two  metres  in  thickness  and  carry  galena,  zinc  blende 
and  spathic  ore.  The  output  ^  for  1894  was  1,670  tonnes  of  lead 
ore  and  2,790  tonnes  of  zinc  ore.  In  that  year  the  entire 
district  of  Milan  produced  1,750  tonnes  of  lead  ore,  valued  at 
£7,090. 

In  the  mining  district  of  Florence,  the  Bottino  Mine  is  the  only 
one  which  deserves  mention,  on  account  of  the  occurrence  of  argenti- 
ferous galena.  In  this  mine,  which  was  probably  worked  b}^  the 
Etruscans  and  Romans,  the  lode  courses  from  north-west  to  south- 
east with  a  dip  of  55°  south-west,  and  consists  partly  of  finely 
granular,  partly  of  coarsely  crystalline  galena,  all  varieties  of  which 
are  equally  rich  in  silver.  Fahlerz,  bournonite,  and  native  anti- 
mony are,  to  a  small  extent,  mixed  with  the  galena,  and  the  geodes 
sometimes  contain  crystals  of  rare  beauty.  The  gangue  is  quartz 
mixed  with  slate.  The  country  rock  is  gneiss,  mica  schist,  or  talc 
schist,  of  Palaeozoic  age.  In  1880  the  production  was  661  tonnes, 
worth  £2,355,  but  it  has  been  closed  down  since  then,  and  in  1894 
there  were  no  lead  mines  at  all  at  work  in  this  district.  No  other 
lead  mines  on  the  Italian  mainland  are  worthy  of  particular  notice, 
since  the  production  of  lead  ores  in  the  Vicenza  district  was  for 
1880  only  11  tonnes,  worth  £115  ;  it  was  only  70  tonnes,  worth 
about  £90,  in  1894. 

^  Rivista  del  Servizio  Minerario  nel  1894,  p.  205. 
2  Ihid.  p.  185. 
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The  importance  of  Sardinia  ^  as  a  lead-producing  region  is 
evident  from  the  fact  that  out  of  the  sixty  lead  mines  working  in 
Italy  in  the  year  1880,  fifty-four  were  in  that  island. 

The  lead  mines  of  Sardinia  ma}'  be  divided  into  three  tj'pes : 

1.  Ore  masses  interstratified  in  Silurian  rocks,  as  at  the 
celebrated  mine  of  Monteponi. 

2.  Veins  traversing  Silurian  clay  slates,  as  at  Montevecchio. 

3.  Lodes  traversing  the  Silurian  limestones,  Malacalzetta,  near 
Iglesias,  representing  this  form  of  occurrence. 

The  Montevecchio,  which  is  amongst  the  most  imjDortant  lead 
veins  of  Europe,  is  worked  on  a  wide  quavtzose  lode,  and  upon 
several  leaders  of  less  importance.  The  former,  which  is  called 
the  Great  Lead  Lode  of  Montevecchio,  traverses  the  Silurian  slate, 
almost  parallel  to  its  contact  with  the  granite  for  a  distance  of  600 
fathoms,  and  its  outcrop  may  be  traced  in  a  straight  line  for  a 
distance  of  nearly  six  miles  from  east  to  west,  when  it  bends  to 
the  south-west;  it  dips  70°  north.  The  ore  consists  of  galena 
mixed  with  blende,  iron  pyrites,  heavy  spar,  siderite  and  copper 
pyrites.  The  thickness  of  this  great  lode  varies  from  75  to  100 
feet.  The  Ingurtosu  and  Gennamari  Mines  are  also  worked  on  the 
same  lode.  At  the  Marganei  Reigraxius  Mine  there  are  two  lodes, 
one  in  Silurian  limestone  with  a  quartzose  gangue  and  much  calc 
spar ;  the  other  a  contact  lode  between  limestone  and  Silurian 
slate.  The  strike  of  the  strata  is  north-north-west,  and  the  dip 
south-south-west.  The  quartz  lode  courses  from  east  to  west  and 
dips  south.  The  upper  portion  was  worked  by  the  Romans,  as 
lamps,  tools,  &c.,  have  been  found  down  to  a  depth  of  thirty-six 
fathoms.  The  strike  of  the  contact  lode  is  north-north-west  with  a 
dip  north-north-east.  The  ore  in  this  lode  is  poor  in  silver,  w^hile 
the  quartz  lode  yields  ore  containing  70  j)er  cent,  of  lead,  and  from 
55  to  60  oz.  of  silver  jDer  tonne.  In  the  Montevecchio  -  concessions, 
there  were  extracted  during  the  year  1894  a  total  of  20,634  cubic 
metres  of  vein-stuff,  which  yielded  on  dressing  8,624  tonnes  of 
galena  containing  70  per  cent,  of  lead  and  0'0564  per  cent,  of 
silver,  and  1,196  tonnes  of  blende  containing  50  per  cent,  of  zinc. 
In  the  same  year  the  neighbouring  mine  of  Piccalinna  produced 
877  tonnes  of  galena  containing  71  per  cent,  of  lead  and  0'09  per 
cent,  of  silver. 

1  Oesterr.  Zeitschr.  1872,  p.  3.  "  Relazione  del  Uepiitato  Sella  alia  Conimissione 
d'inchiesta  suUe  condizione  dell'  industria  mineraria  nell"  Isold  di  Sardegna,  1871," 
Berg.  %md  Hiittenm.  Zeit.  1879,  p.  165. 

-  Riciita  del  Servizio  Minerario  nel  1894,  p.  154. 
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The  lode  at  Malacalzetta  is  enclosed  in  Silurian  limestone,  and 
varies  in  width  from  eighteen  inches  to  seven  feet  six  inches  ;  its 
course  is  east  and  west,  and  its  dijD  60°  south.  The  veinstone 
consists  of  Cjuartz  and  calcite  with  a  little  clay  ;  the  ore  usually 
contains  74  per  cent,  of  lead,  and  carries  40  oz.  of  silver  per  tonne. 
The  depth  of  the  main  shaft  is  about  ninety  fathoms.  It  has  been 
steadily  worked  for  many  years,  and  was  still  working,  though  not 
very  productive,  in  1894. 

Since  the  year  1840,  Monteponi  has  been  one  of  the  most 
important  mines  in  Italy,  The  galena  here  occurs  neither  in  lodes 
nor  in  regular  beds,  but  in  gigantic  isolated  columns  of  several 
hundred  yards  in  height,  which  may  be  followed  from  north  15° 
west  to  south  15°  east  for  a  distance  of  100  fathoms.  Fifty-seven 
of  these  columns  have  been  worked ;  they  mostly  occur  at  the 
contact  of  clayey  limestone  with  dolomite.  In  addition  to 
o-alena  and  other  metallic  sulphides,  these  columns  are  filled  with 
calc  spar  and  clay.  The  total  length  of  the  galleries  in  this  mine  is 
about  twenty-seven  miles.  In  1838  this  was  the  only  lead  mine  in 
Sardinia.  From  1832  to  1848  only  800  tonnes  of  lead  ore  were 
produced  here  per  annum,  in  1861  the  production  had  increased  to 
6,382  tonnes,  and  in  1875  it  reached  10,453  tonnes.  The  ore 
contains  70  per  cent,  of  lead,  and  from  5  to  9  oz.  of  silver  per 
tonne.  In  1894,^  raw  ore  to  the  amount  of  101,227  tonnes,  the 
output  of  Monteponi,  was  treated,  producing  2,068  tonnes  of 
calena  yielding  64  per  cent,  of  lead,  and  9,030  tonnes  of  calcined 
calamine  yielding  47  per  cent,  of  zinc. 

In  the  year  1860,  twelve  lead  mines  only  Avere  working  in 
the  Avhole  of  Sardinia,  employing  3,425  miners,  and  producing 
9,165  tonnes  of  ore.  In  1870,  5,047  miners  were  employed,  and 
25,000  tonnes  of  ore  were  produced.  In  1880,  36,143  tonnes  of 
lead  ore  were  produced  in  Sardinia,  Avorth  £357,376.  In  1894, 
the  production  was  27,725  tonnes  of  lead  ore,  worth  £134,080.^ 

Zmc. — Zinc  ores  usually  occur  in  Italy  in  association  with  those 
of  lead,  and  this  is  particularly  the  case  in  the  island  of  Sardinia. 
On  the  mainland  the  mines  of  the  Valle  Seriana  and  of  the  Valle 
Brembana,  in  Lombardy,  may  be  mentioned,  but  three  mines  only 
on  the  Italian  continent  were  returned  in  1880  as  productive  of 

zinc  ores. 

Parre,  in  Bergamo,  has  been  worked  for  calamine  containing 
40  per  cent,  of  zinc.      Costagels,  near  the  latter  mine,  was  more 

i  Rivista  del  Strvizio  Miner ario  nel  189-1,  p.  158. 
2  lUd.  p.  142. 
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recently  opened.  At  Argentiera,  near  Auronzo,  in  the  district  of 
Vicenza,  on  the  Tyrolean  frontier,  zinc  occurs  in  irregular  deposits 
in  Lower  Triassic  slate,  and  in  dolomitic  limestones  belonging 
to  the  Middle  Trias.  Up  to  the  year  1868,  the  Ai'gentiera  Mine 
appears  in  the  official  returns  with  an  average  annual  production 
of  only  200  tonnes.  In  1869  the  two  other  mines  are  noticed ; 
their  production  began  with  120  tonnes  and  increased  year  after 
year  until,  in  1879,  their  yield  was  8,000  tonnes.  The  Argentiera 
Mine  produced  in  1894  ^  about"  22,000  tonnes  of  raw  ores,  which 
yielded  on  dressing  2,208  tonnes  of  calamine  and  70  tonnes  of 
galena.  It  was  practically  the  only  mine  in  the  district  that 
produced  any  zinc  ore  during  that  year. 

During  1894,  the  j^rovince  of  Bergamo,  district  of  Milan,-  was 
by  far  the  most  important  zinc-producing  area  of  the  Italian  main- 
land. The  Costagels  and  Gremme  Mine  still  takes  the  lead 
in  the  Valle  Seriana,  and  alone  produced  nearl}^  one-half  of  the  zinc 
ore  of  the  entire  district.  Like  several  other  mines  in  the  district 
it  is  owned  by  the  English  Crown  Spelter  Company,  Limited ;  the 
Yieille  Montague  and  the  Austro-Belge  Companies  also  hold 
important  concessions  in  this  province.  In  Valle  Brembana  the 
Monte  Arera  Mine  is  the  most  important.  In  several  mines  in  the 
valley  of  the  B-iso,  as  also  in  the  Casa  Conti  and  others,  a  good 
deal  of  zinc  is  got  by  open-cast  working.  The  entire  district 
of  Milan,  i.e.,  Lombardy,  produced  in  1894,  19,280  tonnes  of  zinc 
ore,  worth  £25,830.^ 

The  deposits  of  zinc  ore  worked  in  Sardinia  by  the  Malfidano 
Company  are  of  two  kinds,  but,  for  the  most  part,  they  partake  of 
the  character  of  bedded  veins  ;  this  is  the  case  at  Malfidano,  Genna- 
Arenas  and  Planu-Sartu.  Sometimes,  however,  they  occur  as 
chimneys  of  ore  bearing  no  apparent  relation  to  the  stratification 
of  the  enclosing  limestone,  excepting  that  they  preserve  the  same 
dip,  which  is  nearly  perpendicular,  as  at  Planeddu  and  Monte 
Beggio.  The  enclosing  limestones  are  supposed  to  be  of  Silurian 
age.  The  most  important  of  these  deposits  is  that  of  ]Malfidano, 
discovered  in  1865,  which  contains  calamine,  blende,  galena,  and 
cerussite,  which  are  irregularly  mingled,  without  any  recognisable 
order  of  succession  ;  calamine,  however,  predominates  to  such  an 
extent  as  to  constitute  seven-eighths  of  the  whole.  The  deposit 
of  Alalfidano  takes  the  form  of  an  immense  bedded  vein  parallel 
to    the    stratification  of   the    limestone,  but  its  limits  have   not, 

^  Rivista  dtl  Servizio  Mintrario  nel  1894,  p.  294. 
2  Ibid.  p.  201.  3  Ibid.  p.  185. 
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as  yet,  been  accurately  determined.  This  deposit  apjDears  to 
have  two  branches,  in  the  more  important  of  which  the  calamine 
is  generally  distributed  in  chimneys,  which  are  parallel  to  the 
bedding  of  the  limestone.  These  chimneys,  which  vary  consider- 
ably in  their  horizontal  dimensions,  have  sometimes  a  thickness  of 
sixty  feet.  When  several  of  these  unite,  which  is  not  unfrequently 
the  case,  the  ore  sometimes  extends  in  the  direction  of  its  strike  for 
a  distance  exceeding  fifty  fathoms.  In  other  cases  the  calamine 
is  distributed  in  branches  of  varying  thickness,  but,  in  both 
instances,  the  distribution  of  the  ore  follows  the  dip  of  the  strata. 
It  is  on  this  branch  of  the  deposit  that  the  mine  of  Malfidano, 
properly  so-called,  is  situated,  as  the  other  contains  but  few  workable 
dej)osits. 

At  Planeddu  the  deposit  has  the  form  of  an  inverted  truncated 
cone,  the  larger  base  reaching  the  surface,  where  it  presents  an  area 
of  about  1,400  square  yards ;  thirty  fathoms  from  the  surface, 
however,  the  area  becomes  reduced  to  132  square  yards,  and 
below  that  depth  there  is  no  mineral  of  any  importance.  The 
ore,  which  appears  to  be  to  a  large  extent  worked  out,  is 
principally  earthy  calamine  carrying  from  39  to  42  per  cent, 
of  zinc. 

At  Monte  Rexio  various  irregular  masses  of  calamine  occur  in 
dplomitic  limestone,  and  of  these  the  mass  bearing  the  name  of 
"  De  la  Route  "  is  the  most  imjDortant.  It  measures  50  fathoms  in 
length  by  15  fathoms  in  width,  and  has  been  worked  to  a  depth 
of  25  fathoms  without  reaching  its  inferior  limit.  The  ore, 
for  the  most  part,  consists  of  white  calamine,  which  is  nearly 
pure  carbonate,  and  of  yellowish  calamine,  covered  with  crystals 
of  silicate  of  zinc.  With  these  are  associated  calcite  and  a 
ferruginous  gossan  containing  a  small  proportion  of '  zinc.  The 
ores  obtained  from  this  mine  are  rarely  or  never  associated 
with  metallic  sulphides.  In  the  Genna-Arenas  Mine,  to  the  west 
of  Monte  Rexio,  the  deposit  consists  of  lenticular  masses,  either 
isolated  or  connected  by  branches  of  calamine. 

The  Planu-Sartu  concession  contains  two  separate  deposits, 
known  as  the  north  and  south  ore  bodies.  With  the  exception  of 
Malfidano,  the  south  body  is  the  most  important  as  well  as  the 
most  regular  deposit  belonging  to  the  company.  Its  general  strike 
is  north  25°  east,  and  its  outcrop  can  be  traced  for  a  distance  of 
185  fathoms,  and  is  from  20  to  25  fathoms  in  width.  At  the  surface 
the  ore  forms  a  series  of  lenticular  masses,  arranged  like  a  string 
i)f  beads  parallel  to  the  bedding  of  the  enclosing  limestone.  In  depth 
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the  walls  of  these  ore  bodies  approached  each  other  in  such  a  way 
that  it  was  at  one  time  feared  they  were  about  to  give  out. 
Subsequent  explorations,  however,  showed  that  at  still  greater 
depths  there  are  vein-like  masses  of  considerable  thickness,  and  of 
greater  regularity  than  are  usually  found  in  deposits  of  calamine. 
Five  of  these,  varying  from  4^  to  15  feet  in  width,  have  been 
met  with,  and  have  been  remarkable  for  their  continuity  in  depth  ; 
at  some  points  they  opened  out  to  a  width  of  nearly  forty  feet. 
The  colour  of  the  ore  varies  from  white  to  nearly  black,  and  the 
texture  is  as  variable  as  the  colom*.  The  north  body,  which 
is  parallel  and  analogous  to  the  south,  is  comparatively  un- 
productive. 

The  following  statistics  relative  to  the  production  of  zinc  ores 
in  the  island  of  Sardinia,  will  serve  to  indicate  the  progress  of  this 
industry  since  its  commencement  in  1865  : — ^ 


Year. 

No.  of  Mines. 

Tonnes  of  Ore 
produced. 

Xo.  of  Miners 
employed. 

1865 

1 

449 

! 

35 

1870 

3 

92,000 

2,192 

1875 

13 

58,165 

2,315 

1879 

24 

63,039 

2,713 

1880 

— 

67,551 

— 

1885 

— . 

100,000 

_ 

1890 

77- 

99,400 

9,6222 

1894 

652 

110,241 

8,4642 

Copper.  —  In  the  Aosta  Valley,  mining  di.strict  of-  Turin, 
are  situated  the  copper  mines  of  San  Marcello,  Champ  de  Praz, 
and  Ollomont.  The  latter,  which  is  of  especial  importance,  was 
opened  at  the  beginning  of  the  last  century,  the  ore  being  a 
cupriferous  iron  pyrites  containing,  on  an  average,  3  per  cent,  of 
copper.  The  deposit  occurs  in  chloritic  schist  associated  with 
granite,  and  is  conformably  stratified,  its  course  being  north- 
west, with  a  dip  of  40°  towards  the  south-west :  the  gangue 
consists  of  quartz,  hornblende,  chlorite,  talc,  and  calc  spar. 

B.  Lotti  ^  has  published  an  account  of  these  deposits,  which  are, 
according  to  him,  connected  with  certain  eruptive  rocks.  The 
Eocene  schists  of  the  district  are  traversed  by  serpentine  (Lherzo- 

1  Xotizie   Statistiche  HuUa  Induitria   Jlineraria  in   Italia   dal   1860  al  1880, 
Rome,  1881.     Bivista  del  Servizio  Afinerario. 
-  Including  lead  mines. 
3  Zeitsrhr.  f.  Prakt.  Geo/.  1894,  p.  IS. 
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lite),  gabbro  and  diabase  in  this  order,  the  last-named  being 
the  youngest.  The  ores,  consisting  of  iron  pyrites,  chalcopyrite, 
erubescite  and  copper  glance,  occur  in  irregular  deposits  at  the 
contact  of  the  gabbro  with  the  other  rocks,  at  times  disseminated 
through  it,  at  times  in  small  threads  or  veinlets  and  at 
times  in  nod  alar  masses,  varying  from  a  few  inches  to  some 
four  feet  in  diameter,  in  a  steatite-like  rock,  a  decomjDosition 
product  of  the  gabbro.  The  ores  are  practically  confined  to 
the  gabbro,  from  which  they  have,  according  to  Lotti,  segregated 
by  a  process  of  differentiation  and  concentration  from  the  eruptive 
magma. 

He  ascribes  a  similar  mode  of  formation  to  the  deposits  of 
cop23er  ore  in  serpentine  in  Liguria. 

The  other  copper  ore  deposits  in  the  Alps  are  of  no  special 
importance.  Three  mines  were  working  in  this  district  in  1880, 
the  production  during  that  year  being  2,404  tonnes  of  copper  ore, 
worth  £6,696.  This  district  has  greatly  fallen  off  since  then, 
and  in  1894,  three  mines  at  work  produced  257  tonnes,  wortli 
about  £150.1 

In  Liguria,  mining  district  of  Genoa  (Carrara),  the  mines  of 
Monte  Loreto,  Le  Cascine,  and  Libiola,  may  be  mentioned  as 
fairly  productive.  These  are  worked  on  copper  pyrites  and 
cupriferous  iron  pyrites,  occurring  in  veins  of  quartz  and  calc 
spar,  enclosed  in  serpentine  and  diorite.  The  Loreto  Mine  was 
opened  in  1857,  and  old  Roman  workings,  of  which  there  is 
no  record,  were  then  discovered.  Le  Cascine  is  worked  by  an 
English  company.  Libolia  has  been  worked  since  1866.  In 
1874  a  depth  of  about  seventy  fathoms  had  been  attained,  and  the 
adits  and  levels  had  then  a  total  length  of  2,187  fathoms.  The 
ore,  which  contains  from  7  to  12  j^er  cent,  of  cop^aer,  goes  to 
Swansea. 

The  total  production  of  the  three  copper  mines  in  the  mining 
district  of  Genoa  was,  in  1880,  5,662  tonnes,  worth  £17,095. 
In  1894  there  were  only  two  mines  in  operation ;  Libiola,  by 
far  the  most  important,  jDroduced  over  12,000  tonnes  of  coj)per  ore 
with  about  10  per  cent,  of  metal,  and  6,350  tonnes  of  iron  jDyrites. 
The  other  mine,  Gallinaria,  was  only  worked  to  a  very  limited 
extent.  The  output  of  the  entire  district  for  1894  -  was  12,450 
tonnes  of  copper  ore,  valued  at  £26,520. 

In   the  mining  district  of  Vicenza,   in   the  Cordevole  Valley, 

^  liibinta  del  Strvizio  Miiitrario  ntl  1894,  p.  260. 
2  Ibid.  p.  72. 
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is  the  ancient  mine  of  Agordo/  worked  on  a  thick  deposit  of 
cupriferous  iron  pyrites,  containing  a  little  galena  and  blende. 
The  ore  is  enclosed  in  a  clay  slate,  which  becomes  very  quartzose 
near  its  junction  with  limestone  or  sandstone.  This  deposit  has 
been  followed  for  a  length  of  300  fathoms  in  the  direction  of  its 
strike,  and  for  above  100  fathoms  on  its  dip.  The  average  thick- 
ness of  the  mass  is  about  sixty  feet,  and  the  ore  contains  1"80 
Cu,  3  Zn,  39  Fe,  50  S,  1-4  As,  and  SiO^  5  per  cent.  This  mine 
belonofs  to  the  Italian  Government.  B.  v.  Cotta  describes  the  form 
of  the  deposit  at  Agordo  as  that  of  a  "  flattened  sausage,"  and 
compares  the  light  slate  surrounding  it  with  the  Skolar  of  Fahlun. 
A.  v.  Groddeck  classes  it  with  his  "  Pyrites  bed  type,"  which  includes 
Fahlun,  Ducktown  in  Tennessee,  Schmollnitz,  Kammelsberg,  Rio 
Tinto,  and  Thai'sis. 

The  production  of  Agordo  was  for  a  time  as  follows  : — 

Tonnes.       I  Tonnes. 

1875  ....     14,954      ,      1878    ....     11,498 

1876  ....     12,291      I      1879    ....     11,039 

1877  ....     12,622      1      1880    ....     14,872 

The  value  of  the  production  of  the  year  1880  was  £5,719. 
The  mine  has  since  been  abandoned.  A  similar  deposit  is  now 
being  worked  chiefly  by  open-cast  in  the  same  district  at  Vallim- 
perina.  Its  production  in  1894,  nearly  twice  that  of  1893,  was 
13,843  tonnes  of  cupriferous  pyrites.- 

The  copper  ore  deposits  of  the  Tuscan  Apennines,  mining 
district  of  Florence,  have  given  rise  to  various  important  mines. 
Between  Genoa  and  the  sources  of  the  Tiber  and  Metaura,  nume- 
rous masses  of  eruptive  rock  burst  through  Cretaceous  and 
Tertiary  beds  on  both  sides  of  the  Apennines.  The  latter  rest 
conformably  upon  the  former,  but  they  are  difficult  to  distinguish 
petrographically,  although  separated  by  the  Nummulitic  horizon. 
The  eruptive  rocks  are  gabbros  and  serpentines,  and  in  the  vicinity 
of  the  junction  of  these  rocks  with  the  sedimentary  formations 
occurs  the  so-called  "  GctUbro  rosso  "  which  is  weathered  red  by  the 
peroxidation  of  iron.  J,  Cocchi  distinguishes,  in  addition  to  the 
older  eruptive  rocks  associated  with  the  serpentines  and  belonging 
to  them,  always  marked  by  the  presence  of  diallage,  a  more  recent 

1  B.  V.  Cotta,  Berg,  und Hiittenm.  Zeit.-\862,  p.  425.  Bauer,  Oesterr.  ZeUschr. 
18G3,  p.  101.  B.  Walter,  Oesterr.  Zeitschr.  1863,  p.  114.  A.  St.  Schmidt,  Berg, 
vnd  Hiittenm.  Zeif.  1867,  p.  243.  See  also  v.  Groddeck's  paper  on  "  Sericite 
Rocks,"  quoted  on  p.  367. 

2  Rivista  del  Servizio  Minerario  net  1894,  j).  293. 
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serpentine  enclosing  no  diallage,  which  traverses  tiie  older  rocks  in 
the  form  of  veins.  This  serpentine  frequently  contaiDS  deposits  of 
sulphuretted  ores,  especially  those  of  cojiper. 

The  most  important  copper  vein  yet  discovered  is  that  of 
Monte  Catini/  which  occurs  in  Gabhro  rosso,  or  melaphyre  according 
to  G.  V.  Rath,  who  is  of  opinion  that  the  serpentine  was  originally 
a  cupriferous  olivine,  and  that,  on  its  conversion  into  serpentine, 
dislocations  and  contortions  in  the  bedding  took  place.  The  lode  is 
enclosed  in  a  very  brittle  red  gabbro,  and  is  filled  with  broken 
fragments  of  that  rock,  together  with  pieces  of  diorite,  euphotide, 
ophiolite,  and  serpentine.  It  comes  from  east  to  west,  at  first 
with  a  dip  of  45°  north  ;  but  later,  at  a  depth  of  sixty  fathoms,  it 
turns  over  to  the  south,  and  at  this  point  the  vein  is  above  ninety 
feet  in  thickness.  The  pure  ore  contains  Cu  32"79,  Fe  29*75, 
S  36'15,  Gangue  0*86  per  cent,  and  averages  from  20  to  30  per 
cent,  of  copper ;  native  copper  also  frequently  occurs. 

This  lode  was  worked  by  the  Etruscans ;  but  under  the  Romans 
mining  was  less  actively  carried  on,  as  the  Tuscan  mines  could 
not  compete  with  the  richer  workings  of  Spain  and  Cyprus, 
Monte  Catini  was  also  worked  during  the  early  middle  ages,  but 
was  brought  to  a  standstill  by  the  plague  in  1680,  and  the 
workings  were  not  subsequently  resumed  for  more  than  a  century. 
The  third  epoch  of  the  prosperity  of  this  mine  is  of  comparatively 
recent  date. 

The  Etruscans,  with  their  narrow  shafts  and  contracted  levels, 
penetrated  only  into  the  uppermost  rich  horizon;  in  the  middle  ages 
the  workings  were  deeper  ;  while  recently  they  have  reached  a  depth 
of  170  fathoms.  In  the  year  1845,  900  tonnes  of  ore  were  jDroduced, 
containing  30  per  cent. of  copj^er, and  in  1850  the  production  reached 
3,000  tonnes.  Many  horizons  were  then  wrought  at  the  same  time, 
and  several  of  the  richest  were  worked  out,  while  corresponding 
riches  Avere  not  met  with  in  depth.  In  this  way  the  production 
quickly  became  reduced,  and  in  1870  the  mine  was  stopped  in 
consequence  of  a  lawsuit.  Since  that  period,  however,  under  the 
direction  of  M.  A.  Schneider,  the  annual  production  again  reached 
from  1,000  to  1,200  tonnes.  According  to  Reyer,^  the  eruptive 
rock-mass  with  which  the  ore  is  associated  is  surrounded  by  more 
recent  marls,  and  consists  principally  of  red  gabbro,  which  in  places 
becomes  green  and  resembles  serpentine  ;  the  miner,  he  states,  er- 

1  G.    V.    Rath,  Zeif.-ichr.    d.    d.    <jtoL    GestUwh.    xvii.    1865,    p.    282.     A.    v. 
Groddeck,  Die  Lehre  von  den  Lagerstdtten  der  Erze,  Leipsig,  1879,  p.  150. 
-  E.  Reyer,  Bery.  und  Hiittenm.  Zeit.  1882,  p.  325. 
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roneously  calls  the  green  eruptive  masses  "  serpentine,"  and  the  red 
"  gabbro."  On  the  south  flank  of  this  igneous  mass,  between  the 
eruptive  rock  and  the  marls,  the  famous  copper  deposit  occurs ;  it 


Fig.  94. — Monte  Catini ;  transverse  section. 


courses  east  and  west  for  a  distance  of  about  300  fathoms,  and  is 
rich  in  ore  so  long  as  it  traverses  the  eruptive  mass. 

The  engine  shaft  is  172  fathoms  in  depth,  passing  through  the 
eruptive  rock,  the  ore  deposit,  and  lastly  into  the  older  marl.     The 


Fig.  95.— Monte  Catini ;  transverse  section. 

main  adit  is  about  1,100  fathoms  in  length,  and  the  lode,  which  is 
large,  varies  considerably  in  thickness. 

Figs.  94  and   95,  after  A.  v.  Groddeck,  represent  two  vertical 
sections  of  the  Monte  Catini  copper  deposit  in  which  a  is  mela- 
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j^liyre,  h  serpentine,  c  conglomerate  of  melaphyre  and  serpentine, 
d  limestone  and  marl,  and  e  masses  of  copper  ore. 

The  Capanne  Vecchie  copper  mine  also  appears  to  have  been 
worked  by  the  Etruscans,  but  was  first  re-opened  in  1846.  The  ore 
is  copper  pyrites  occurring  in  amphibolite  as  country  rock ;  the 
lode  courses  from  north  to  south  and  dips  east.  The  ore  usually 
contains  Cu  IS'Ol,  Fe  43"o3,  and  S  30"85  per  cent.,  with  traces  of 
gold.  Several  other  copper  mines  are  working  in  Tuscany,  but  they 
are  all  of  subordinate  importance.  The  total  production  of  the  Tuscan 
coj)per  mines  in  1880  was  9,361  tonnes  of  ore,  worth  £40,673. 
In  1894  it  was  66,335  tonnes,  worth  £52,980.^  In  1879  thirteen 
copper  min,es  were  at  work  in  Italy,  employing  1,366  miners,  and 
l^roducing  20,751  tonnes  of  ore.  In  1894-  there  were  sixteen 
mines,  employing  2,003  miners,  and  producing  92,886  tonnes  of  ore, 
worth  £83,550.  Of  this  ore,  7,789  tonnes,^  containing  779  of 
metal,  were  exported,  and  the  remainder,  treated  in  the  kingdom, 
yielded  about  9,000  tonnes  of  metaL 

Tin.* — Early  in  the  year  1875,  during  the  prosecution  of  some 
excavations  for  haematite  in  the  vicinity  of  Campiglia  Marittima, 
masses  of  a  heavy  material  attracted  the  attention  of  the  foreman 
in  charge  of  the  work,  who,  on  account  of  its  uncommon  weight, 
put  aside  a  piece  of  the  stone.  Some  fragments  of  this  mineral 
having  come  under  the  notice  of  M.  Blanchard,  a  French  mining- 
engineer,  he  forwarded  them  to  London,  where  they  were  found 
to  consist  of  cassiterite  associated  with  calcite  and  ferric  oxide. 
Campiglia  Marittima  is  a  small  town  situated  about  four  English 
miles  from  the  Tuscan  coast,  and  thirty-five  miles  south-east 
of  Leghorn.  It  was  in  one  of  the  excavations,  made  either  by 
the  Etruscans  or  Romans,  two  miles  south-east  of  Campiglia,  that 
this  discovery  of  cassiterite  was  made.  This  ancient  mine,  now 
known  as  the  Cento  Camerelle,  consists  of  a  number  of  small 
excavations  connected  by  galleries  cut  out  of  hsematite  and 
limestone  in  the  flanks  of  Monte  Fumacchio.  The  infiltration  of 
calcareous  waters  during  twenty  centuries  had  here  deposited  a 
stalagmitic  crust,  of  from  five  to  ten  inches  in  thickness,  on  the 
walls,  and  it  is  not  improbable  that  the  mine  was  abandoned 
after  the  destruction  of  Populonia  by  Sylla.  During  the  middle 
ages  no  mining  was  carried  on,  and  in  1858,  when  M.  Blanchard, 
accompanied   by  M.  Simonin,  visited  the  mine,  they  found  it  in- 

^  liivista  dd  Servizio  Minerario  nd  1894,  p.  110. 

-  Ibid.  p.  XX.  3  //,,>/.  p.  xxviii 

^  Iron,  xiv.  1S79,  p.  166 ;  E.  Reyer,  Zinn.  1882,  p.  1.56. 
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habited  by  legions  of  bats,  while  on  the  floor  had  accumulated 
a  deposit  of  guano,  sufficient  to  form  the  object  of  an  industrial 
enterprise.  In  1872  M.  Charlon  commenced  excavations  for 
haematite,  but  in  1873  the  property  came  into  the  hands  of  the 
present  owners,  and  was  worked  for  iron  ore  upon  a  considerable 
scale.  A  tin  lode  was  discovered  about  forty-five  feet  west  of 
the  most  extensive  ancient  workings.  Its  direction  was  at  first 
nearly  east  and  west,  but  it  varied  greatly  both  in  size  and  strike, 
while  the  cassiterite  was  occasionally  wholly  rep>laced  by  haematite. 
The  surrounding  limestone  is  of  Lower  Liassic  age,  and  as  the 
excavations  proceeded  it  was  found  that  the  cassiterite  came  from 
a  horizontal  bed  of  iron  ore  in  which  the  Cento  Camerelle  had  been 
excavated.  On  the  outer  borders  of  this,  the  tin  ore  made  its 
appearance  in  irregular  pockets,  and  in  fissures  in  the  limestone. 
It  thus  became  evident  that  the  workings  might  have  been  made 
for  the  extraction  of  cassiterite,  and  when  they  were  at  lengtli 
reached,  there  were  found,  upon  removing  the  concretions  from 
the  walls,  more  or  less  abundant  traces  of  that  mineral.  In  1877 
twenty-one  tonnes  of  tin  ore  were  obtained  from  this  mine. 
Another  mine  on  the  east  of  the  Monte  Fumachio  produced,  in 
1877,  several  tonnes  of  tin  ore  of  an  inferior  quality.  These  mines 
produced,  in  1878,  31  tonnes  of  tin  ore,  worth  £381',  in  1879,  two 
tonnes,  worth  £16,  and  in  1880,  16  tonnes,  worth  £128.  Up  to 
1894,  some  70  tonnes  in  all  had  been  produced,  but  none  was 
obtained   during  that  year. 

Antimony. — About  nine-tenths  of  the  Italian  production  comes 
fi'om  Sardinia,  where  numerous  veins  have  been  worked  for  a  con- 
siderable period.  In  the  district  of  Florence,  afc  the  mine  Cetine 
di  Cotorniano,^  near  Siena,  there  is  a  small  hill  of  Permian  rocks 
partly  covered  with  Rhsetic  limestone  in  the  midst  of  the  Eocene 
formation,  the  Permian  rocks  being  quartzose  sandstones  and 
schists.  At  the  contact  of  the  Permian  schists  with  the  Rhsetic 
limestone  there  is  a  bedded  deposit  of  chalcedonic  quartz  inter- 
mixed with  stibnite ;  this  deposit  is  clearly  defined  against  its 
Permian  foot  wall,  but  passes  gradually  into  the  limestone  of  the 
hanging  side.  It  is  therefore  probable  that  waters  charged  with 
silica  and  with  antimony  acted  upon  the  limestone,  forming  this 
deposit  raetasomatically  ;  the  influence  of  the  schists  on  the  deposit 
is  reduced  to  a  blackening  of  the  latter  in  the  neighbourhood  of  the 
foot  wall.  The  outcrop  of  the  deposit  along  the  line  of  contact  has 
been  followed  for  about  1,000  feet,  with  an  east  and  west  strike  and 
a  dip  to  the  north  of  some  12°,  the  thickness  of  the  deposit  averaging 

1  Bivista  del  Strvizio  Minerario  nd  1894,  p.  127. 
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about  forty  feet.  So  far  the  deposit  has  not  been  sufficiently  ex- 
plored to  enable  its  real  shape  or  dimensions  to  be  determined.  The 
stibnite  is  very  irregularly  disseminated,  the  ore  treated  averaging 
about  5  per  cent.  The  deposit  presents  numerous  fissures  running- 
north  and  south,  containing  kermesite  and  valentinite,  decomposi- 
tion products  of  the  original  stibnite.  In  1894  this  mine  produced 
133  tonnes  of  liquated  antimony,  valued  at  £1,270. 

Manganese. — Manganese  ores  occur  principally  in  Liguria, 
Tuscany,  and  the  island  of  San  Pietro  on  the  south-west  coast  of 
Sardinia.  In  the  first-mentioned  province  they  occur  stratified  in 
Tertiary  rocks,  while  at  San  Pietro  they  are  enclosed  in  trachytic 
tuffs.  They  are,  for  the  most  part,  worked  in  a  very  primitive  way, 
and  have  never  given  rise  to  mining  upon  an  extensive  scale. 
Some  of  the  ores  of  Sardinia  are  only  of  importance  on  account  of 
their  high  percentage  of  peroxide.  Jervis  gives  a  list  of  ten 
manganese  mines  working  in  Italy  in  1881.  The  Praborna  Mine, 
in  the  province  of  Turin,  is  worked  for  hausmannite,  pyrolusite 
and  manganite,  the  deposit  being  24  feet  in  thickness  and 
enclosed  in  a  chloritic  schist.  At  Cerchiera,  in  Genoa,  the  ore 
is  amorphous,  compact,  of  a  violet  black  colour,  mixed  with  some 
red  haematite,  and  traversed  by  strings  of  calc  spar,  forming  a 
bed  twenty  inches   in  thickness. 

At  Monte  Argentario,  in  the  province  of  Grosseto,  a  brown  iron 
ore  very  rich  in  manganese  occurs  ;  it  was  extensively  worked  from 
1874  to  1879,  and  the  workings  were  resumed  at  the  close  of  thai 
year.  The  richer  ore  contains  from  30  to  39  per  cent,  of  manganese, 
and  from  4  to  11  per  cent,  of  iron;  the  poorer  kind  contains  from 
30  to  35  per  cent,  of  iron,  and  about  18  per  cent,  of  manganese. 
It  is  chiefly  sent  to  England  for  making  ferro-manganese.  The 
production  in  1894  was  5,810  tonnes,  valued  at  £1,740. 

At  Capo  Becco  and  Capo  Rosso,  in  the  island  of  San  Pietro, 
there  is  a  bed  of  pyrolusite  twenty  inches  in  thickness  containing 
60  per  cent,  of  manganese.  The  ore  is  much  in  demand  for 
chemical  purposes.  In  addition  to  the  above  production  of 
ferriferous  manganese  ores,  Italy  produced  in  1894  ores  of  mangan- 
ese of  higher  grade  to  the  amount  of  760  tonnes. 

Iron. — Althoush  rich  in  iron  ores,  Avhich  were  worked  even  in 
pre-historic  times,  Italy,  on  account  of  the  want  of  mineral  fuel,  does 
not  produce  a  sufficient  amount  of  iron  to  meet  the  requirements 
of  the  country.  The  most  important  iron-mining  districts  are 
situated  in  Piedmont,  Lombardy,  and  the  island  of  Elba. 

Piedmont  was  formerly  an  important  iron-^Droducing  country. 
Veins  of  magnetite  occur  in  the  Aosta  Valley,  at  Cogne,  and  at 
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Traversella,  which  formerly  gave  rise  not  only  to  numerous 
iron  mines  but  also  to  the  erection  of  blast  furnaces.  The 
Licony  Mine  in  the  Cogne  Valley  is  mentioned  so  long  ago  as 
the  year  1300.  This  very  extensive  deposit  varies  from  66 
to  98  feet  in  thickness,  and  consists,  principally,  of  comj)act 
magnetite  free  from  pyrites.  The  ore  is  of  excellent  quality 
and  yields  about  50  per  cent,  of  iron,  being  interbedded  between 
yellowish  limestone  and  talc  schist.  The  Larcinaz  Mine  lies  north 
of  the  preceding,  and  has  been  opened  on  the  continuation  of  the 
same  deposit  of  magnetite.  Spathic  iron  ore  occurs  in  the  vicinity 
of  the  limestone,  and  asbestos  is  found  in  both  mines.  The  St. 
Oven  Mine,  in  the  Great  St.  Bernard  Valley,  was  worked  by  the 
Government  from  1825  to  1831,  but  was  then  handed  over  to  a 
private  company.  Both  spathic  iron  ore  and  magnetite  are 
obtained  in  this  mine,  and  limonite  occurs  in  the  neighbourhood 
of  the  outcrop. 

One  of  the  most  important  iron  ore  deposits  in  Italy  occurs  in 
the  Chiusella  Valley.  In  1835  there  were  at  Traversella  in  this 
valley  80  iron  mines,  which  produced  7,837  tonnes  of  ore,  yielding 
3,374  tonnes  of  cast  iron.  Ten  years  later  the  production  had 
risen  to  10,000  tonnes,  but  subsequently  again  declined  to  1,400 
tonnes.  In  1880  only  five  mines  were  in  operation.  Crystalline 
magnetite  Avith  a  granular  structure,  yielding  from  40  to  50 
per  cent,  of  iron,  forms  the  mass  of  the  celebrated  deposit  of 
Traversella,  which  courses  from  north-west  to  south-east  and 
has  an  almost  perpendicular  dip.  The  ore  forms  beds,  or  perhaps 
contact  veins,  in  greenstone,  and  is  accompanied  by  dolomite, 
•calcite,  quartz  and  chlorite.  A  rock,  containing  garnets  and 
quartz,  divides  the  main  mass  of  the  dej)osit  into  two  parts. 
Copper  pyrites,  compact  iron  pyrites,  galena,  and  a  great  number 
of  other  crystallised  minerals,  which  are  represented  in  all  the 
principal  mineral  collections  of  Europe,  have  made  this  deposit 
universally  famous. 

In  1880  the  mining  district  of  Turin  produced  1,813  tonnes  of 
iron  ore,  representing  a  value  of  £880,  and  in  1894  only  1,000 
tonnes,  valued  at  £375. 

Iron  occurs  in  Lombardy  as  magnetite  at  Zebru  and  Saviore, 
as  ochre  in  the  older  slates  near  Bormio,  and  lastly  in  the  Triassic 
dolomites  as  spathic  iron  ore,  the  last  only  being  of  importance. 
This  mineral  occurs  regularly  stratified,  in  beds  varying  from  a 
few  inches  to  nine  feet  in  thickness,  in  the  lower  Triassic  sand- 
stones as  well  as  in  the  clay  slates  above  them.  Veins  of  this  ore 
also  occur  beneath  the   Trias,  but    they  are  only  of  subordinate 
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importance.  The  iron-ore  zone  extends  from  east  to  west  for  a 
distance  of  from  nine  to  twelve  miles  into  the  mountains,  and  the 
annual  production  averaged  about  25,000  tonnes  in  1880.  The 
most  important  mines  are  at  Pisogne,  in  Valcamonica,  in  Val  di 
Scalve,  and  in  Val  Trompia.  In  1894  ^  the  most  important  mines 
were  those  of  the  Gaviera  group,  whose  production  nevertheless 
was  only  900  tonnes,  having  fallen  to  this  figure  from  8,600  tonnes 
in  1891.  The  production  of  the  entire  district  in  the  first-named 
year  was  only  12,099  tonnes^  from  31  mines,  or  about  one-half  of 
what  it  had  been  five  years  previously. 

In  Sardinia  haematite  occurs  in  the  Silurian  rocks  of  Acquaresi, 
Perdasterria,  and  Funtanaperda  near  Iglesias,  and  ma.gnetite  in 
Perda  Niedda  and  San  Leone,  to  the  west  of  the  Gulf  of  Cagliari.  Of 
these  only  San  Leone  has  attained  any  importance.  The  magnetite 
from  this  locality  contains  about  54  Fe,  1'12  SiOo,  0'76  AUOj, 
and  0105  P  per  cent.  The  main  lode  courses  from  north  to  south 
and,  in  the  west,  closely  approaches  the  granite,  which  assumes 
the  character  of  syenite.  Jervis  is  of  opinion  that  the  rock  accom- 
panying these  magnetite  lodes  is  contemporaneous  with  the  green- 
stones of  the  Alps,  and  especially  with  the  serpentines.  Subordinate 
veins  of  magnetite  traverse  the  main  lode  from  north-north-west 
to  south-south-east,  and  from  north-north-east  to  south-south-west, 
while  at  the  crossings  rich  ore  deposits  occur.  The  width  of 
these  sometimes  reaches  26  feet.  On  the  foot  wall  the  gangue 
is  quartzose ;  while  on  the  hanging  wall  is  magnetite  varying 
from  26  to  83  feet  in  thickness,  mostly  mixed  with  garnets. 
The  hanging  wall  consists  of  quartzose  slate,  which  is  separated 
from  the  lode  by  a  distinct  clay  selvage.  As  long  as  the  ore  was 
worked  by  open-cast  it  yielded  a  profit,  but  when  an  adit  had 
to  be  driven,  the  production,  which  was  formerly  considerable, 
sank  in  1877  to  13,300  tonnes,  while  in  1879  and  1880  no  returns 
were  made. 

The  iron  ores  of  Elba  occur  in  veins  and  more  or  less 
irre«^ular  beds  along  the  east  coast  of  the  island,  and  are  worked  at 
five  different  mines,  namely :  Eio  Albano,  Vigneria,  Rio,  Terranera, 
and  Calamita.  Of  these  Rio  Albano,  Vigneria  and  Rio,  are  the 
most  important.  The  mineral  consists  of  oxides  of  iron,  chiefly 
hematite,  limonite,  red  iron  ore,  and  magnetic  iron  ore,  with 
siderite  ;  the  gangue  is  quartzose,  and  iron  pyrites  is  often  present. 
The  iron  ore  is  found  in  beds  from  60  to  100  feet  in  thickness. 
The  rock  is  mostly  siliceous  slate,  which  in  places  is  overlain  by 

1  Fivlsta  del  Servizio  Minerario  nd  1894,  p.  200. 
-  Ihid.  p.  185. 
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limestone,  the  age  of  which  has  not  been  determined.  The  ore  is 
obtained  by  open-cast  workings,  and  more  than  1,000  miners  are 
employed. 

According  to  ]\Ir.  H.  Scott,^  all  the  deposits  are  superficial, 
none  of  them  having  been  proved  in  depth.  Permian  strata, 
chiefly  quartzites  and  conglomerates,  seem  to  form  the  floor  upon 
which  most  of  these  deposits  rest,  and  though  very  many  different 
geological  epochs  are  represented,  most  of  the  chief  deposits  seem 
to  occur  in  Liassic  strata.  A  characteristic  section  is  shown  in 
Fig.  96.     At  Cape  Calamita  the  ore  is  associated  with  limestones 


A.  Iron  ore.    B.  Ancient  refuse.    C.  Upper  Liassic  scliist.     D.  Permian  conglomerate  and  qnartzite 
Tl)e  (lotted  line  shows  the  original  contour. 

Fig.  96.— Section  of  the  Grattarina  working  ;  after  H.  Scott. 

Avhich  enclose  deposits  of  haematite.  There  are  also  here  deposits 
of  hio-hly  polar  magnetic  ore,  the  formation  of  which  is  possibly  a 
subsequent  action  due  to  the  action  of  eruptive  masses  of 
ilvaitic  augite.  Dr.  B.  Lotti-  points  out  that  the  ores,  though 
specially  allied  to  the  limestones,  were  also  associated  with  the 
schists  of  the  bed  rock ;  he  holds  that  the  formation  of  these  ore 
deposits  took  place  in  post-Eocene  times,  and  ascribes  to  them  a 
metasomatic  origin.  This  is  the  opinion  now  most  generally  held, 
though  some  authors  prefer  to  ascribe  them  to  pneumatolytic 
action,  considering  that  the  iron  was  brought  up  as  chloride  in 
connection  with  the  eruptive  rocks  of  the  island.  This  theory 
seems  to  have  been  originally  formed  to  account  for  the  well-known 
beautiful  crystals  of  specular  ore,  which  are  however  confined  to  a 
working  known  as  Le  Fabbriche,  and  is  far  from  resting  on  a  sound 
basis. 

It  is  not  known  when  mining  operations  commenced  on  this 

1  "The  Mine.s  of  Elba,"  Journ.  Iron  nnd  Sttt'  Inst.  189.5,  I.  p.  141. 
-  Ibid.  p.  156. 
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island,  but  they  certainly  date  from  pre-liistoric  times.  According 
to  Mr,  Scott,  they  were  worked  for  3,000  years  before  1750,  dming 
which  time  he  estimates  that  ore  was  mined  at  the  rate  of  about 
4,000  tonnes  per  annum.  During  the  next  century  it  averaged 
14,000  tons.  From  1851  to  1881  it  rose  rapidly  to  an  average 
of  about  120,000  tons.  In  1881  there  were,  however,  403,215 
tonnes  of  ore  mined,  and  the  Italian  Government,  fearing  the 
rapid  exhaustion  of  the  mine,  thereupon  restricted  the  outjDut  to 
200,000  tonnes  per  annum.  In  1884  the  Government  engineers 
made  a  careful  examination,  and  reported  that  there  were  8,000,000 
tonnes  available ;  the  Government  then  restricted  the  annual 
production  to  180,000  tonnes,  at  which  figure  it  still  remains. 

The  following  table  shows  the  production  of  the  various  mines 
in  the  years  1880  and  1894  : — 


Mines. 

ISSO. 

1S94. 

Tonnes. 
32,185 
20,192 

191,9.53 
17,909 
12,083 

Tonnes. 
54,098 
15,136 
74,056 
2,817 
28,122 

Vi^neria            

Rio                 

Terranera          

Total  for  Elba 

274,322 

174,229 

Summaries  of  the  Production  of  Metalliferous  Minerals  in  Italy 

DURING   THE   Ye.A-RS    1880   AND    1894. 

1880.1 


Description  of  Ore. 

Quantities. 

Values. 

Iron  ore   

Tonnes. 

290,974 

76,089 

37,555 

32,299 

1,802 

11,709 

115,940  Kg. 

6,505  T. 

402 

4,663 

16 

Lire. 

3,127,848 

4,397,816 

9,096,197 

1,754,819 

2,229,1.59 

592,479 

579,700 

214,390 

80,400 

56,769 

3,200 

£ 

12,5,114 

175,912 

363,848 

70,192 

89,166 

23,699 

23,188 

8.575 

3,216 

2,270 

128 

Zinc  ore       

Copper  ore 

Silver  ore 

Quicksilver,  metallic    .    .    . 

Manganese  ore 

Antimony  ore 

Iron  pyrites 

Total  value  of  Metalliferous  Minerals  "\ 
produced  in  1880 / 

22,132,777 

885,308 

1  Notizie  Statistiche  sidla  Indudria  Mineraria  in  Italia  dal  1860  a^  1880,  p.  406, 
Rome,  1881. 
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Descrii>tion  of  Ore. 

Quantities. 

Values. ■- 

Iron  ore   

Tonnes. 

187,728 

760 

5,810 

92,886 

131,777 

29,822 

1,103 

7,748 

1,504 

15,022 

22.638 

Lire.              1                 £ 
2,089,156                 78.3^3 

Manganese  ore 

Ferriferous  Manganese  ore  . 

Copper  ore 

Zinc  ore   

23.500 

46,480 

2,228,146 

9,198,955 

3,792,111 

847,222 

663,908 

881 

1,743 

83,555 

344,961 

142,204 

31,771 

24.897 

Lead  ore  

Silver  ore 

Gold  ore       .        

Antimony  ore 

Mercury  ore 

Iron  pyrites 

1 

225,295      i            8^449 

1.017.241                 38,146 

296,347       1           11,113 

1 

produced  in  1894 J 

1 
20,428,361               766,063 

i 

GEEECE. 

But  little  is  accurately  known  relative  to  the  geology  of  Greece.-^ 
The  lowest  beds  consist  of  crystalline  schists  and  granular  lime- 
stones, in  Avhich  no  vestige  of  either  animal  or  vegetable  life  has 
been  found.  After  careful  examination,  Cordelia  has  arrived  at 
the  conclusion  that  the  marbles  of  Pares  and  Laurium  are  entirely 
destitute  of  fossils.  The  siliceous  limestones  of  the  Peloponnesus, 
forming  the  base  of  the  Secondaiy  rocks,  are  without  fossils,  and  it 
appears  to  have  been  assumed  that  these  crystalline  sedimentary 
formations  likewise  belong  to  that  period,  the  fossils  which  they 
originally  contained  being  supposed  to  have  become  affected  by 
the  action  of  agencies  which  eventually  resulted  in  their  dis- 
appearance. The  greater  portion  of  the  Cyclades,  Euboea,  and  a 
large  proportion  of  the  continent  of  Greece  consists  of  such  rocks, 
which  sometimes  rise  to  an  elevation  of  6,500  feet  above  the  sea 
level.  Among  these,  crystalline  mica  schists  predominate.  The 
metalliferous  mica  schist  of  Laurium  is  composed,  according 
to    recent   studies    of   M.    Szabo,    of    a   mixture    of    biotite    and 

1  Bicista  del  Servizio  Jlinerarlo  nel  1894,  p.  xx. 

-  The  lira  is  here  taken  at  ninepence. 

^  A.  Cordelia,  La  Grice  sous  h  rapport  geologique  e(  min4raJogique,  Paris, 
1878;  Piid.  "  Le  Laurium,"  Marseilles,  1869;  Ihid.  "  Mineralogisch-geologische 
Reiseskizzen  aus  Griechenland,"  Btrrj.  uiul  Hiittenm.  Zeit.  1883,  pp.  21,  35,  41,  57  ; 
Ihid.  "Description  des  produits  des  Mines  du  Laurium  a  la  troisieme  pei'iode 
Olympienne,"  Athens,  1875  ;  Pjid.  "  Tlepi  twi/  aKwpiuv  koI  rris  MeraWovpyiKris 
Bio/iTJX'"''"^  ^''  'E'^■Aa5I,"  Athens,  1865. 
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andesine,  and  has  a  specific  gravity  of  2"60.  M.  Sauvage  regards 
the  phyllites  of  Mount  Pentelicus  as  of  Cretaceous  age,  and  bases 
this  opinion  on  the  discovery  of  a  fossil  belemnite.  Dr.  Neumayer 
agrees  with  this  hypothesis,  having  in  1873  found  a  Cretaceous 
fossil  in  the  vicinity  of  the  Acropolis.  The  numerous  quarries  of 
crystalline  limestones  near  Laurium  have  not  yet  shown  a  single 
trace  of  any  organism  excepting  a  partially  obliterated  cast,  found 
by  Cordelia,  resembling  a  Silurian  crinoid ;  there  is  consequently 
great  difficulty  in  determining  the  age  of  these  rocks. 

The  oldest  known  fossiliferous  rocks  probably  belong  to  the 
Cretaceous  age,  and  it  hence  appears  that  there  must  be  in  Greece 
a  considerable  gap  in  the  geological  succession.  Silurian,  Devonian, 
Carboniferous,  Permian,  Triassic,  or  Jurassic  rocks  have  not  been 
discovered.  The  Tertiary  rocks  of  Greece,  which  are  well  repre- 
sented, compose  the  northern  portion  of  the  Peloponnesus,  and 
a  large  part  of  the  mainland  and  of  the  Ionian  Islands,  as  w^ell 
as  of  many  of  the  Cyclades.  On  account  of  their  regularity  and 
the  number  of  well  preserved  fossils  which  they  contain,  they 
present  a  less  difficult  geological  study  than  do  the  Secondary 
rocks.  The  most  characteristic  rocks  of  Greece  are,  however,  of 
eruptive  origin,  principally  trachytes.  The  plutonic  rocks  include 
granite,  porphyry  and  serpentine.  Among  the  volcanic  series  are 
such  rocks  as  obsidian,  perlite  and  pumice. 

The  mining  industry  of  Greece,  previously  very  limited  in 
modern  times,  after  being  abandoned  for  2,000  years  began  to  be 
re-developed  in  1861,  the  date  of  the  promulgation  of  mining  laws 
based  on  the  French  law  of  1810.  In  1864  a  company  was  formed, 
Hilarion,  Roux  &  Co.,  to  work  the  ancient  lead  slags  of  Laurium  ; 
and  in  August,  1875,  the  Soci4U  Frangaisc  dcs  3fines  du  Laurium 
was  established  with  a  nominal  capital  of  13,500,000  francs. 

Gold. — Gold  is  found  in  the  sands  of  the  rivers  near  the  town 
of  Skyros,  and  in  the  vicinity  of  the  village  of  Doliana,  in  the 
Peloponnesus,  there  is  a  bed  of  iron  pyrites  containing  a  little  gold. 
This  metal  also  accompanies  silver  in  argentiferous  galena ;  but  the 
known  occurrences  of  gold  alone  are  of  no  commercial  importance. 

Lead,  Silver,  and  Zinc. — Ores  of  lead,  silver,  and  zinc,  are 
the  principal  mineral  products  of  Greece,  but  as  they  constantly 
occur  associated  in  the  same  deposit  it  becomes  impossible  to 
describe  them  separately.  Silver  has  not  as  yet  been  found  in  the 
native  state,  but  occurs  in  association  with  lead  in  variable 
proportions.  In  the  lead  from  the  Laurium  mines  the  average 
percentage  of  silver  is  greater  than  in  that  from  any  of  the  other 
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mines  of  Greece.  In  the  latter  the  maximum  may  te  taken  at 
0'25  per  cent.  (81  i  oz.  per  ton),  while  at  Laurium  the  maximum 
sometimes  reaches  1  per  cent.  (326  oz.  13  dwt.  8  gr.  per  ton),  and 
never  falls  below  0*1  per  cent. 

Argentiferous  lead  ores  occur  in  mica  schists,  limestones, 
granites  and  trachytes,  sometimes  as  irregular  masses,  and 
sometimes  in  the  form  of  lodes.  Calamine  was  discovered  by 
Cordelia  at  Laurium  in  1870,  and  occurs  both  as  masses  and  as 
independent  veins  in  limestone,  being  sometimes  mixed  with 
argentiferous  lead  ore. 

The  principal  mineral  district  is  that  of  Laurium,  at  the  southern 
extremity  of  Attica.  The  rock  is  chiefly  a  crystalline  schist,  in 
which  are  conformably  interstratified  subordinate  beds  or  irregular 
lenticular  masses  of  crystalline  limestone.  These  strata  have 
been  broken  through  by  granite,  porphyry,  and  by  more  recent 
igneous  rocks,  to  the  influence  of  which  the  accumulation  of 
metalliferous  minerals  is  generally  ascribed.  The  ferruginous, 
plumbiferous,  and  zinciferous  deposits,  which  have  followed  these 
outbursts,  have  filled  fissures  and  cavities  in  the  limestone,  and 
have  also  accumulated  at  the  point  of  contact  of  the  limestone  with 
mica  schist,  thus  forming  irregular  masses.  In  mica  schist  the  ore 
generally  occurs  in  the  form  of  veins,  but  it  is  difficult  to  determine 
whether  these  were  formed  at  the  same  time  as  the  metalliferous 
enclosures,  or  whether  they  were  subsequently  produced.  At 
Camaresa,  the  centre  of  the  operations  of  the  SocieU  des  Miius  dit 
Laurium,  one  of  the  beds  has  been  proved  to  be  metalliferous  over 
an  area  of  a  mile  and  a  half  square,  and  the  contact  deposits  vary 
from  three  to  twenty-two  feet  in  thickness,  while  parallel  ore-bearing 
beds  are  found  at  various  levels.  Four  of  these  were  known  to  the 
ancients,  and  the  existence  of  others  below  their  deepest  workings 
has  been  shown  by  recent  investigations.  The  ores  consist  of 
galena,  cerussite,  blende  and  zinc  carbonate,  associated  with  sul- 
phides and  carbonates  of  copper,  iron  pyrites,  and  spathic  iron  ore. 
Generally  speaking,  the  main  portion  of  the  ore  bodies  consists 
of  galena  more  or  less  mixed  with  blende,  while  carbonate  of  zinc 
occurs  partly  on  the  walls  and  partly  as  separate  deposits.  A  rare 
mineral,  adamine,  a  zinc  olivenite,  appears  to  be  characteristic  of 
the  ore  deposits  of  this  locality. 

The  mines  of  Laurium  were  worked  by  the  ancients  with  great 
skill  and  perseverance,  the  ore  having  been  reached  by  means  of 
mimerous  vertical  and  inclined  shafts.  Adit  levels  were  not 
employed,  as  not  only  was  the  topography  of  the  country  unfavour- 
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able  to  their  construction,  but  the  dryness  of  the  mines  also  rendered 
them  unnecessary.  The  working  of  the  ancient  mines  was  sys- 
tematically conducted,  the  ore  having  been  extracted  from  the  veins 
by  stoping  fi'om  one  level  to  another,  and  from  the  beds  by  pillar 
and  stall.  When  the  ore  was  comparatively  pure,  it  was  all  removed 
and  pillars  of  dry  masonry  were  substituted,  but  when  the  galena 
was  much  mixed  with  blende,  forming  an  intractable  mixture  for 
smelting,  pillars  of  veinstone  were  left  standing.  In  the  thicker 
beds  two  floors  were  sometimes  established,  as  is  now  the  practice 
in  working  thick  coal  seams.  The  extraction  of  the  ore  was  very 
complete,  as  even  the  metalliferous  wall  rock  was  invariably 
removed.  Dry  masonry  appears  to  have  been  exclusively  employed 
in  the  few  cases  in  which  the  walls  or  roof  needed  support. 
The  tools  used  were  picks,  bars,  and  sledges,  but  fire-setting 
does  not  appear  to  have  been  resorted  to  for  disintegrating  the  rock, 
which  is  not  well  suited  for  the  employment  of  that  process. 
Traces  of  the  uce  of  tools  are  constantly  met  with,  and  an  iron  gad 
found  by  M.  Cordelia,  although  completely  oxydised,  still  retained 
its  shape. 

The  ore  was  carried  up  the  inclined  shafts,  probably  in  skin 
sacks,  and  the  water  must  have  been  got  rid  of  in  the  same  way. 
In  the  inclines,  the  steps  up  which  the  men  went  are  still  visible, 
as  well  as  are  numerous  niches  for  lamps,  many  of  which  have  been 
found  in  place.  From  the  circumstance  that  heaps  of  vein-stuff,  &c., 
surround  the  perpendicular  shafts,  M.  Cordelia  is  of  opinion  that 
the  windlass  and  pulley  were  to  some  extent  employed  for  hoisting. 
These  shafts  also  served  for  ventilation,  and  at  the  top  of  some  of 
them  a  sort  of  chimney  has  been  found,  in  which  a  fire  was 
probably  built  to  increase  the  natural  circulation  of  air.  The 
deepest  shaft  mentioned  was  395  feet  in  depth,  but  none  of  them 
reached  the  sea  level.  A  portion  of  the  ore  removed  from  the 
mine  at  this  early  period  was  too  poor  to  admit  of  being  economically 
smelted,  and  was  consequently  subjected  to  a  process  of  concen- 
tration. Some  of  the  appliances  used  for  this  purpose  have  been 
found  under  the  slag-heaps  in  a  tolerable  state  of  preservation. 

Water  was  scarce  at  Laiirium,  and  large  reservoirs  were  built 
for  the  purpose  of  storing  a  sufficient  supply ;  these  were  so  strongly 
constructed  that  they  might  even  now  be  employed  for  the  purpose 
for  which  they  were  originally  designed.  The  washing  aiDparatus 
was  so  planned  as  to  admit  of  the  water  being  used  over  again 
continuously,  and  consisted  of  a  sluice,  some  seventy  feet  long, 
provided  in  its  length,  at  intervals,  with  small  reservoirs  or  wells. 
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Instead  of  being  straight,  this  sluice  formed  several  angles  iu  such  a 
way  that  its  head  and  lower  end  were  in  close  proximity,  so  that 
ore,  placed  at  its  head,  could  be  washed  by  water  baled  or  other- 
wise raised  from  the  well  at  its  lower  extremity.  In  this  way  a 
current  was  established,  and  the  ore  washed  by  a  stream  of  water 
constantly  returning  to  the  wells  to  be  again  used. 

The  ore  was  smelted  in  small  blast  furnaces  blown  by  hand 
bellows,  the  fuel  being  either  wood  or  charcoal.  The  slags  produced 
contained  from  5|  to  l-i  per  cent,  of  lead.  The  work  lead,  which 
M.  Cordelia  has  reason  to  believe  averaged  O'-i  per  cent,  of  silver, 
or  about  130  oz.  per  ton,  was  refined  by  cupellation.  No  part 
of  the  apparatus  used  for  this  purpose  has  been  discovered,  but 
the  frequent  occurrence  of  fused  masses  of  desilverised  litharge 
sufficiently  proves  the  nature  of  the  process  by  which  it  was 
obtained.  The  lead  was  assayed  for  silver  in  the  usual  way,  and 
earthern  cupels,  of  nearly  the  same  form  and  dimensions  as  those 
now  employed,  have  been  found  in  the  waste-heaps. 

The  period  of  the  greatest  activity  at  the  Laurium  mines, 
which,  although  belonging  exclusively  to  the  State,  were  leased  to 
private  individuals,  was  between  600  B.C.  and  the  Peloponnesiau 
War,  a  period  of  about  170  years.  M.  Cordelia  estimates  the 
number  of  workmen  employed  at  this  date  at  1.5,000,  all  of 
whom,  including  the  foremen  and  superintendents,  were  slaves. 
During  the  Peloponnesian  War,  Laurium  was  cut  off  from  the 
capital,  and  the  slaves  revolted,  after  which  the  mines  were  worked 
fitfully  and  upon  a  reduced  scale,  ojaerations  being  sometimes 
restricted  to  the  re-smeltino-  of  the  old  slaos.  The  mines  were 
also  worked  to  some  extent  under  the  Romans,  but  only  through 
the  agency  of  Greek  factors ;  and  in  the  first  century  of  the 
Christian  era,  Laurium  was  completely  abandoned  ;  nor  is  there 
any  evidence  that  work  was  ever  recommenced  until  the  year 
1864. 

The  aggregate  amount  of  labour  expended  by  the  ancients  was 
enormous ;  some  2,000  shafts,  averaging  about  250  feet  in  depth, 
have  been  found,  and  the  extent  of  the  underground  workings  is  in 
proportion.  The  quantity  of  slag  originally  left  was  about 
2,000,000  tonnes,  which  iL  Cordelia  calculates  must  represent 
2,100,000  tonnes  of  lead  and  8,400,000  kilogr.  of  silver,  in  addition 
to  which  the  ancient  miners  left  behind  them  millions  of  tonnes  of 
halvans  in  the  form  of  waste-heaps,  containing  from  Ih  to  18  per 
cent,  of  lead.     The  zinc  ores  were  not  worked. 

Some  idea  of  the  general  mode  of  occurrence  of  the  ores  will 
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be  afforded  by  the  following  section,  Fig.  97,  after  Cordelia, 
through  the  most  important  deposits  of  lead  ore  and  calamine  at 
Laurium. 

In  the  above  section,  a  represents  a  more  or  less  ferruginous 
limestone;  I,  middle  crystalline  limestone,  in  places  somewhat 
siliceous,  and  impregnated  with  sulphuretted  ores ;  c,  lower  lime- 
stone (marble),  which  has  not  yet  been  sunk  through  by  the  new 
shafts ;  d,  middle  mica  schist  of  Camaresa,  with  lenticular  inter- 
polations of  limestone  and  quartz,  including  small  lead  veins. 
The  thick  upper  mica  schist,  not  shown  in  the  section,  rests  on  the 
upper  limestone,  a,  of  the  Ripari  Mountain. 

A  mica  schist,  e,  of  lesser  thickness,  almost  always  forms  the 
hanging  wall  of  the  third  contact  deposit ;  /,  is  the  upper  ore  bed 
or  first  contact  bed  ;  g,  second  ore  bed  ;  h,  third  ore  bed,  much 
worked  by  the  ancients  ;  i,  calamine.  This  mineral  occurs  in  all 
horizons,  but  is  most  extensively  developed  in  the  foot  wall  of  the 
third  contact  bed,  where,  at  Camaresa,  it  is  from  8  to  24  feet  in 

Mtmrar^         sniff       Bf;Ze  SerpierC  ^     HHa^io. 
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thickness,  and  contains  from  42  to  46  per  cent,  of  zinc.  Blende 
sometimes  occurs  with  the  calamine. 

A  granite  vein,  1-,  courses  from  east  to  west,  and  di]3S  40°  north  ; 
it  is  more  or  less  weathered,  and  forms  the  hanging  wall  of  the 
first  rich  calamine  deposit  discovered  by  Cordelia  in  1869.  The 
felsite  dyke  of  Camaresa,  I,  6  feet  in  thickness,  traverses  the 
entire  mass,  and  contains  rich  lead  ores  under  the  third  contact 
bed.  Veins  of  calamine,  m,  coursing  east  and  west,  vary  from 
8  inches  to  4  feet  9  inches  in  thickness  and  dip  almost  per- 
jDendicularly,  those  in  the  lower  limestone,  c,  being  of  especial 
importance.  Numerous  small  lead  veins,  n,  were  worked  by 
the  ancients. 

Fig.  98  is  a  section,  also  after  Cordelia,  of  the  Jean  Baptiste 
shaft,  63  fathoms  in  depth,  the  mouth  of  which  is  577  feet  above 
sea  level.  In  this  section,  d  represents  mica  schist,  144  feet  in 
thickness,    enclosing   lead   veins,    n;    o  is  an  old  level  about  18 
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fathoms  from  the  surface  ;  and  g,  the  second  contact  lead  bed, 
18  inches  thick.  The  limestone,  h,  is  103  feet  in  thickness  ;  the 
mica  schist,  e,  4i  feet  thick  ;  and  h,  the  third  contact  lead  deposit, 
16  feet  in  thickness. 

The  calamine  bed,  i,  has  an  average  thickness  of  11|  feet,  and  c, 
is  crystalline  limestone. 

According  to  Huet,^  these  deposits  have  been  formed  by- 
currents  of  mineralising  solutions  rising  through  the  fissures,  and 
unable  to  penetrate  the  schists  or  the  eurite,  attacking  the  lime- 
stone and  gradually  forming  a  deposit  of  ore  by  incrustation  and 
metasomatic  substitution.  The  current  then  made  its  way  through 
the  overlying  schists  by  narrow  fissures  in  the  latter,  leaving  no 
deposits  in  those  beds  because  it  found  in  them  no  soluble  con- 


Fig.  OS.— Laurium,  Jean  Bapti-ste  shaft ;  vertical  section. 


stituents  to  be  acted  on,  and  expanded  again  in  the  upper  lime- 
stones in  an  impoverished  state  and  formed  another  poorer  series 
of  deposits  at  the  upper  contact. 

The  most  important  mining  company  is  the  "  Soci^te  Fran- 
qaise  des  Mines  du  Laurium  "  already  referred  to.  The  ores  raised 
are  galena  and  cerussite,  very  rich  in  silver,  with  blende  and 
calamine ;  the  number  of  miners  usually  employed  is  about 
2,700. 

The  calamine  of  Laurium  is  richer  than  that  of  Sardinia,  and 
is  usually  calcined  previous  to  exportation.  After  calcination  it 
contains  on  an  average  about  60  per  cent,  of  zinc.  The  lead  ores 
of  Laurium  are  associated  with  blende,  from  which  they  are 
separated  at  oi'e-dressing  works  which  have  been  erected  for  the 
purpose. 

^   Fuchs  and  De  Laiinay,  Traite  des  rjites  Mindranx  tt  Metallijeres,  ii.  p.  .385. 
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The  production  of  the  mines  of  this  company  in  1881  was  as 
follows : — 

Tonnes. 

Roasted  calamine 36,665 

Raw  calamine 101 

Blende 246 

Lead  ores 1,543 

Mixed  ores 2,820 

Iron  ores  containing  manganese    ....  847 
Argentiferous  lead 1,722 

Total  .     .  43,944 

In  1891  they  produced  27,838  tonnes  of  zinc  ore  and  7,104 
tonnes  of  work  lead  containing  1*72  kilogr.  of  silver  to  the 
tonne. 

Various  other  mining  companies  are  working  in  the  district, 
such  as  the  Sunium,  the  Austro-Belgian,  the  Pluto  Company, 
the  Societe  d'Olymp  Lauriotique,  &c.,  which,  although  they 
possess  deposits  of  ore,  have  not  as  yet  attained  a  large  pro- 
duction. 

In  the  Sunium  Mine,  first  opened  in  1873,  sixty  men  are  em- 
ployed, and  up  to  1881  about  1,500  tonnes  of  zinc  ore  had  been 
produced.  The  calamine  here  occurs  irregularly  at  the  surface,  in 
limestone  near  the  sea  shore. 

There  are  numerous  deposits  of  similar  ores  in  Greece,  among 
which  may  be  mentioned  the  irregular  mass  of  zinc  ore  in  limestone 
at  Mount  Hymettus,  and  the  argentiferous  lead  and  copper  lodes 
traversing  the  limestones  and  mica  schists  of  Karysto.  These 
deposits  contain  quartz,  galena,  chalcopyrite,  and  iron  pyrites.  The 
ore  worked  contains  from  15  to  20  per  cent,  of  lead,  and  from  800 
to  1,000  grms.  of  silver  per  tonne  of  lead.  Numerous  veins  of 
argentiferous  lead  have  also  been  discovered  in  the  islands  of 
Antiparos,  Siphanto,  Zea,  Anaphi,  Milo  and  Santorin. 

Copper. — Copper  ores  have  been  discovered  at  different  places, 
sometimes  mixed  with  lead  ore,  and  at  others  isolated  in  the  state 
of  sulphides  and  carbonates.  At  Laurium  the  lead  ore  is  more  or 
less  cupriferous.  The  ore  at  the  Jean  Baptiste  shaft  sometimes 
contains  from  6  to  12  per  cent,  of  copper.  At  Karysto  the  galena 
contains  from  5  to  18  per  cent,  of  copper. 

Manganese. — The  Greek   Govei-nment    has    of   recent   years 
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granted  a  large  nuraber  of  concessions  for  so-called  manganese 
mines ;  but  the  majority  of  them  refer  to  iron  ores,  containing  man- 
ganese, and  suitable  for  the  manufacture  of  Bessemer  steel.  In  one 
of  these  mines  only  has  -pnve  manganite  been  found.  At  Andro- 
monastiri,  in  Messina,  rich  manganese  ore  has  been  found,  forming 
beds  sometimes  eighteen  inches  in  thickness,  in  Cretaceous  rocks  ; 
while  at  Perachora,  in  Corinth,  a  lode  of  good  oxide  of  manganese 
has  been  discovered ;  and  in  Milo  pure  manganese  ore  has  been 
found,  forming  irregular  masses  in  trachyte. 

Chromium. — Chromite  frequently  occurs  in  Greece,  but  in  a 
very  irregular  manner,  sometimes  in  the  form  of  impregnations 
only,  and  at  others  at  more  or  less  considerable  masses  enclosed  in 
serpentine.  At  Yattonde,  in  Euboea,  considerable  C[uantities  of 
rich  chrome  ore  are  worked  ;  the  ore  occurring  in  the  form  of  thick 
veins  traversing  green  serpentine.  The  ores  supplied  by  the 
mines  of  the  Euboea  and  Skyros  are  preferred  on  account  of  their 
superior  quality;  they  produced  1,650  tonnes  in  1878. 

The  limited  employment  of  chromates,  and  the  discovery  of 
rich  deposits  in  Thessaly  and  Asia  Minor,  which  are  worked 
open-cast,  have,  however,  greatly  affected  the  working  of 
chrome  mines  in  Greece,  and  the  majority  of  them  have  been 
abandoned. 

Iron. — Greece  is  rich  in  iron  ores,  and  the  occurrence  of  iron 
slags  in  various  localities  shows  that  the  iron  ores  not  utilised  at 
the  present  day  were  extensively  employed  by  the  ancients.  Large 
masses  of  such  slags  have  been  found  at  Karysto,  Seripho,  and  in 
many  other  places.  In  the  slag-heaps  of  Seripho,  a  Carthaginian 
coin  was  found  dating  from  the  fourth  century  B.C.,  the  period  at 
Avhich  it  may  be  supposed  that  this  establishment  was  in  operation. 
The  iron  ores  generally  consist  of  iron  carbonate,  haematite  and 
magnetite,  forming  irregular  masses  in  the  limestone,  or  at  the 
contact  of  the  limestone  and  mica  schists.  The  greater  portion  of 
the  ores  contain  manganese,  those  of  Seripho  yielding  from  5  to  8 
per  cent,  of  this  metal. 

In  1869  a  company  was  formed  to  work  the  ores  of  Seripho, 
where  brown  haematite  was  found  near  the  sea  shore  in  the  form  of 
contact  masses  from  nine  to  forty -five  feet  in  thickness.  This  ore, 
which  contains  50  per  cent,  of  iron  and  about  4  per  cent,  of 
manganese,  much  resembles  the  brown  hsematite  of  Bilbao  in 
Spain.  In  the  interior  of  the  island  masses  of  magnetic  iron 
oxide  exist  in  the  immediate  vicinity  of  granite,  but  have  not 
been  worked. 
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Cordelia  gives  the  following  as  the  mineral  production  of  Greece 
in  1877:— 

Tonnes.  Value. 

Zinc  ore  ...  .  81,000  ....  £104,400 
Lead  ore  ...  .  860  ...  .  9,120 
Magnesite  .  .  .  1,500  ....  1,800 
Manganite      ...         50  ...     .  240 

According  to  Dr.  Gurlt,  the  average  annual  production  of 
Greece  in  1880  was  about  as  follows  : — ^ 

Tonnes. 

Zinc  ore 9,000 

Lead  ore 1,000 

Chrome  iron  ore 2,000 

Magnesite 1,500 

In  addition  to  this,  10,000  tonnes  of  argentiferous  lead  are 
produced  annually  at  Laurium  from  the  old  slag-heaps. 

In  1894  -  Greece  produced  the  following  metalliferous 
minerals : — 

Tonnes.  Value. 

Iron  ore    ...     .  281,000  ....  £94,500 

30,550 


Lead  ore   ....  6,250 

Zinc  ore    ....  21,000 

Manganiferous  ores .  9,300 

Chrome  iron  ore     .  1.500 


75,700 

10,800 

3.800 


The  total  production  of  lead  is  given  as  14,000  tonnes. 


SPAIN. 

Spain  takes  the  lead  of  all  other  countries  in  the  amounts  of 
lead  and  quicksilver  which  it  produces.  The  copper  district  of 
Huelva  is  one  of  the  most  important  in  the  world,  and  the  iron 
mines  of  Bilbao  are  famous  both  for  the  quantity  and  quality  of 
tlieir  ores.  The  chief  lead-producing  province  is  Murcia,  on  the 
south-eastern  coast,  which  affords  two-thirds  of  the  annual  yield  of 
the  country,  while  that  of  Santander,  on  the  Bay  of  Biscay,  leads 
in  the  production  of  zinc  ores.  The  provinces  of  Santander  and 
Murcia,  together,  afford  nine-tenths  of  all  the  zinc  ores  raised  in 

1  Dr.  A.  Gurlt,  Olaser's  Annalen,  1882,  No.  112. 

'  Statistiqxie  de  Vindustrie  minerale  en  France,  1894.     Appendix. 
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the  country.  Xearly  the  whole  of  the  copper  is  obtained  from  the 
province  of  Huelva,  in  the  extreme  south-west  adjoining  the 
celebrated  pyrites  district  of  Portugal ;  while  iron  ore  is  extensively 
mined  in  the  neighbourhood  of  Bilbao  and  in  the  province  of 
Murcia. 

Gold. — In  Spain  gold  mines  were  successively  worked  by  the 
Phoenicians,  Romans,  and  Moors,  and  although  the  amount  at 
present  obtained  is  exceedingly  small,  it  is  believed  that  this 
country  formerly  yielded  large  quantities  of  the  precious  metal. 
Strabo  and  Pliny  both  mention  Spain  as  a  gold-producing  country, 
and  name  various  localities  where  it  was  obtained. 

M.  Piette,  who  has  devoted  much  attention  to  the  subject  of 
ancient  mining  in  the  Peninsula,  is  of  opinion  that  formerly  both 
Spain  and  Portugal  produced  gold,  and,  further,  that  it  was  obtained, 
not  only  from  washing  the  sands  of  valleys  and  rivers,  but  also  from 
workings  in  the  solid  rock.  His  investigations,  however,  led  him 
to  the  conclusion  that  if  the  auriferous  regions  were  originally  rich, 
they  had  become  almost  totally  exhausted  j^i'evious  to  their 
abandonment ;  since,  during  the  whole  of  his  examinations  of  the 
old  workings,  he  met  with  only  a  few  very  slight  traces  of  gold. 
Among  the  gold  mines  of  the  Peninsula,  which  have  been  worked 
in  comparatively  modern  times,  may  be  mentioned  one  near 
Talavera,  and  another  at  Domingo  Flores  in  Leon,  which  was 
wrought,  intermittently,  during  a  period  of  nearly  a  hundred  years 
subsequently  to  its  commencement  in  1639.  The  sands  of  the 
river  Sil  in  Leon  are  known  to  be  auriferous,  and  an  English  com- 
pany  was  formed  for  the  purpose  of  working  jDlacers  in  this  valley, 
but  the  enterprise  was  not  commercially  successful.  Affluents  of 
the  Sil,  chief  amongst  which  are  the  Burbia  and  the  Anclares, 
also  carry  gold  both  in  their  beds  and  in  the  alluvial  deposits  on 
their  banks.  This  region  seems  to  have  been  thoroughly  worked 
over  during  Roman  times,  and  all  recent  experiments  at  working- 
it  have  proved  failures.  The  same  may  be  said  of  the  rivers 
Duema  and  Eria.  The  presence  of  gold  is  undoubted,  but  as  to 
whether  enough  has  been  left  to  form  the  basis  of  a  payable 
industry,  even  with  modern  appliances,  is  a  very  different  matter. 
Alluvial  gold  is  also  known  to  exist  in  the  valleys  of  some  of  the 
smaller  streams  that  divide  Spain  from  Portugal,  but  beyond  a 
little  desultory  washing  by  the  inhabitants  in  the  immediate 
neighbourhood,  these  deposits  are  unworked. 

Silver. — The  silver  mines  of  Guadalcanal  and  Cazalla,  north 
of  Seville,  occur  in  mica  schist,  and  were  formerly  very  iDroductive, 
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but  are  now  of  little  or  no  importance ;  there  were  also  formerly 
mines  at  a  short  distance  from  that  city,  which  are  said  to  have 
yielded  large  returns  during  some  portion  of  the  seventeenth 
century.  Rich  argentiferous  galena  is  found  in  the  Sierra 
Almagrera,  and  has  been  worked  to  a  considerable  extent. 

The  most  important  silver  mines  of  modern  times  were,  how- 
ever, those  of  Hiendelaencina,  situated  in  the  province  of  Guadala- 
jara, seventy  miles  north-east  of  Madrid.  These  mines  were 
discovered  near  the  village  of  Hiendelaencina  in  1843,  and  shortly 
afterwards  a  concession  was  obtained,  and  a  mine  commenced, 
Avhich,  in  honour  of  the  patron  saint  of  the  village,  was  called 
Santa  Cecilia.  Of  the  other  mines  subsequently  opened,  the  most 
remarkable  were  the  Suerte,  Fortuna,  Verdad  de  Los  Artistas, 
Relampago,  San  Carlos  and  Vascongada,  all  of  which  yielded  large 
amounts  of  silver.  There  are  numerous  other  lodes  in  the  district, 
but  only  that  on  which  the  above  mines  are  situated,  was  worked 
with  advantage.  Its  direction  is  nearly  east  and  west,  with  a  dip 
to  the  south,  and  its  average  thickness  is  not  quite  two  feet ;  the 
enclosing  rock  is  gneiss,  associated  with  mica  schists.  The  gangue 
is  heavy  spar,  but  quartz  and  spathic  iron  also  occur.  The  ores  are 
principally  argentite,  freieslebenite,  miargyrite  and  ruby  silver  ore, 
although  galena,  antimony  glance,  native  silver  and  chloride  and 
bromide  of  silver  are  likewise  jDresent.  The  average  yield  of  the 
ores  produced  was  about  90  oz.  per  ton. 

The  mines  of  Hiendelaencina,  which  Avere  worked  to  a  depth 
of  200  fathoms,  began  to  decline  in  their  yield  in  1860,  and  in  1866 
the  majority  of  them  had  already  suspended  operations.  Since 
that  jDeriod,  we  are  without  any  statistics  relative  to  their  produc- 
tion ;  but  from  the  beginning  of  1847  to  the  end  of  June  1866,  the 
Hiendelaencina  mines  yielded  8,190,704  oz.,  Spanish,  of  silver, 
equivalent  to  7,578,586  oz.,  English. 

Lead. — Lead  is  found  in  all  the  provinces  of  Spain  with  the 
exceiDtion  of  Valladolid ;  but  tlie  most  important  deposits  of  lead 
ore  are  those  of  Jaen,  Murcia,  and  Almeria. 

The  town  of  Linares,  in  the  province  of  Jaen,  is  sitviated  on  a 
plateau  of  nearly  horizontal  sandstone  of  Triassic  age,  which  has 
seldom  a  thickness  exceeding  thirty-five  feet,  and  which  reposes 
directly  upon  granite.  Both  the  sandstones  and  granite  are 
traversed  by  two  distinct  systems  of  lead  veins,  the  more  important 
of  which  strike  either  north-east  and  south-west,  or  east-north-east 
and  west-south-west ;  a  smaller  number,  however,  of  broader  and 
more  irregular  veins,  comparatively  barren  and  coursing  east  and 
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west,  are  met  with  ou  the  slopes  of  the  Sierra  Morena  north  of 
Linares.  The  ferruginous  quartz,  M^hich  constitutes  the  outcrops  of 
the  more  productive  system  of  veins,  frequently  forms  projecting 
crests  through  which  are  scattered  grains  of  galena,  which  gradually 
become  more  numerous  as  greater  depths  are  reached.  Generally 
speaking,  these  lodes  become  jDroductive-  at  an  inconsiderable 
distance  from  the  surface,  yielding  galena,  comparatively  j^oor  in 
silver,  associated  with  blende,  iron  and  coj)per  pyrites,  spathic  iron 
ore,  cerussite  and  calcite,  enclosed  in  a  predominantly  quartzose 
gangue.  No  decrease  in  the  width  of  the  veins  had  been  observed 
at  a  depth  of  135  fathoms  and,  as  a  general  rule,  they  were  found 
to  be  richer  in  their  broader  than  in  their  narrower  parts.  The  ore 
chimneys  or  bunches  are  nearly  vertical,  and  as  the  lodes  often 
divide  into  branches  and  subsec^uently  re-unite,  it  not  unfrequently 
happens  that  rich  bunches  of  ore  are  found  at  the  point  of  junction 
with  one  another.  The  larger  veins,  coursing  approximately  east 
and  west,  are  composed  principally  of  quartz  and  heavy  spar  enclos- 
ing iron  pyrites,  copper  pyrites,  and  galena,  poor  in  silver.  The 
outcrops  of  these  veins  sometimes  project  above  the  surface  of  the 
sandstone  to  a  height  of  several  feet ;  the  ores  being  usually 
disseminated  in  strings  instead  of  being  concentrated  in  chimneys 
as  in  the  case  of  the  smaller  and  more  productive  lodes. 

Among  the  undertakings  under  English  management  in  this 
district  are  the  Linares  Mines,  which  yielded,  in  1881,  4,312  tons 
of  lead  ore,  while  the  mines  of  the  Fortuna  and  Alamillos  Com- 
panies produced  respectively  4,34-1  tons  and  3,533  tons  during  the 
same  period. 

The  following  table  of  the  production  of  lead  ore  in  the  province 
of  Jaen  will  give  a  good  idea  of  its  imjDortance  : — 

1807  about 40,000  tonnes. 


1870 
1875 
1881 
1885 
1890 
1893 


67,299 

86,000 

118,325 

101,555 

116,240 

98,416 


The  Sierra  de  Cartagena  ^  is  composed  of  Silurian  slates  and 
limestones  penetrated  by  trachytes  and  basalts,  and  surrounded  at 

1  F.  de  Botella,  Descripcion  geoloyica-minera  de  las  x>rovincias  de  Murcia  y 
Albacete,  Madrid,  1868. 
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the  base  by  rocks  of  Tertiary  age.  Both  the  Si]^^rian  rocks  and 
the  trachytes  in  the  vicinity  of  Ahnazarron,  some  distance  west  of 
Cartagena,  are  traversed  by  a  number  of  veins  of  which  the 
direction  approximates  closely  either  to  north  and  south  or  to 
east  and  west,  and  of  which  the  dip  is  usually  almost  vertical.  In 
the  stratified  rocks  the  ores  occur  partly  in  fissure  veins  and  partly 
in  strings  or  branches  parallel  to  the  bedding ;  they  also  form 
lenticular  or  bedded  veins,  which  are  sometimes  of  considerable 
extent  and  thickness.  These  deposits  often  enclose  fragments  both 
of  slate  and  trachyte,  and  must  consequently  be  more  recent  than 
the  latter  rock.  They  are  usually  composed  of  an  irregular  mixture 
of  ferruginous  silica  with  galena,  iron  and  copper  pyrites,  mispickel, 
magnetite,  calcite,  heavy  spar  and  quartz. 

The  broader  parts  of  these  veins  are,  for  the  most  part,  com- 
paratively barren,  while  the  narrower  portions  and  the  branches 
are  often  almost  exclusively  composed  of  various  metallic 
sulphides.  Two  other  forms  of  lead  deposits  occur  in  the  province 
of  Murcia ;  the  one  forming  disseminations  of  galena,  pyrites  and 
blende,  in  a  compact  greenish  rock,  while  the  other  occurs  in 
the  form  of  beds,  or  bedded  veins,  in  limestone.  This  province 
produced  about  170,000  tonnes  of  lead  ores  in  1893. 

Connected  with  the  deposits  of  lead  ore  are  also  deposits  of 
zinc  ores,  which  occur  either  as  irregular  masses  of  calamine  at 
higher  levels  or  of  zinc  blende,  which  mostly  however  occurs  in 
fissure  veins.  The  calamme  deposits  are  rapidly  approaching 
exhaustion,  but  the  blende  is  still  being  freely  mined.  In  1893 
Murcia  produced  about  10,000  tonnes  of  zinc  ores. 

The  Sierra  Almagrera  rises  in  the  north-eastern  portion  of  the 
province  of  Almeria,  forming  a  range  of  about  1,000  feet  in  height 
and  fifteen  miles  in  length,  on  the  coast  of  the  Mediterranean. 
Although  it  rises  somewhat  abruptly  towards  the  south-east,  the 
slope  in  the  contrary  direction,  towards  the  plains,  is  extremely 
gradual.  It  consists  chiefly  of  mica  schist,  passing  into  clay  slate, 
and  is  frec^uently  intersected  by  deep  gorges,  and  traversed  by 
numerous  veins,  the  most  remarkable  of  which  is  the  Jaroso  Lode, 
named  after  one  of  the  neighbouring  ravines.  This  lode,  towards 
the  north,  splits  into  numerous  branches,  while  to  the  south  it  is 
cut  off  by  a  fault.  The  portion  which  has  been  worked  between 
these  two  points  is  about  2,100  feet  in  length.  The  strike  of  this 
vein  is  almost  due  north  and  south,  with  an  average  dip  of  60° 
east ;  its  greatest  width  is  twenty  feet,  and  it  frequently  includes 
fragments  of  the  country  rock.     Heavy  spar,  spathic  iron  ore,  calc 
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siDar,  red  and'  brown  iron  ore,  argentiferous  galena,  and  iron  and 
copper  pyrites  form  the  filling  of  the  fissure.  This  lode  is  dis- 
tinguished for  the  combed  arrangement  of  its  constituents,  and  for 
the  number  and  beauty  of  its  crystallised  minerals.  The  vein 
material  to  a  depth  of  eighteen  fathoms  consisted,  for  the  most 
part,  of  decomposed  clay  slate,  haematite,  limonite,  and  heavy  spar  ; 
beneath  this  followed  the  most  productive  horizon  containing  rich 
aro-entiferous  galena,  wHth  occasionally  cerargyrite,  associated  witli 
iron  ores.  Below  the  depth  of  eighty-two  fathoms  the  proportion 
of  silver  began  rapidly  to  decrease,  while  heavy  spar  and  hornstone 
became  predominant.  B.  v.  Cotta  suggests  that  the  presence  of 
very  rich  ores  below  the  depth  of  eighteen  fathoms,  may  possibly 
be  accounted  for  on  the  hypothesis  that  the  metals  washed  out  of 
the  gossans  had  become  concentrated  in  this  zone. 

Although  the  combed  structure  of  this  lode  is  ver^' remarkable , 
the  arrangement  of  the  several  layers  is  by  no  means  symmetrical, 
and  it  follows  that  they  cannot  have  been  the  result  of  successive 
deposits  on  the  sides  of  a  single  fissure.  It  may  therefore  be 
possible  that  the  vein  has  been  repeatedly  fissured,  and  that  the 
re-filhng  of  these  rents  lias  resulted  in  the  want  of  symmetry 
observed.  This  becomes  the  more  probable  from  the  circumstance 
that,  in  the  middle  of  the  lode,  horses  occur  wdiich  at  a  certain 
period  of  its  formation  appear  to  have  formed  the  wall  of  an 
adjoining  comb.  The  province  of  Almeria  produced  about  35,000 
tonnes  of  lead  ores  in  1893. 

The  importance  of  lead  mining  in  Spain  will  be  understood 
when  it  is  stated  that  in  1881  that  country  produced  320,898 
tonnes  of  lead  ore,  and  that  out  of  59,905  persons  who  obtained 
their  living  by  mining  18,969  were  employed  in  lead  mines.  In 
189-i,^  the  total  production  of  lead  ores,  including  argentiferous 
lead  ores  is  given  as  322,557  tonnes,  a  marked  falling  off  from  the 
immediately  preceding  years. 

Zinc. — The  Cantabrian  coast  of  Spain  is  rich  in  calamine,  more 
especially  the  provinces  of  Guipuzcoa  and  Santander.  At  La  Nestosa, 
Comillas,  &c.,  deposits  of  this  ore  occur  in  dolomitic  limestone  of 
Jurassic  age,  partly  in  the  form  of  veins,  and  partly  as  very  irregular 
deposits,  containing,  principally,  calamine  and  galena.  The  calamine 
is  chiefly  carbonate  of  zinc,  although  zinc  silicate  and  snow-wdiite 
zinc  bloom  are  also  of  frequent  occurrence.  The  ores  are  often 
embedded  in  clay,  and  the  centre  of  large  blocks  is  sometimes  formed 
of  dolomite,  thus  indicating  the  origin  of  the  ore.     At  greater 

^  Bevifta  Minera,  Jan.  16th,  1896. 
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depths  crystallised  blende  of  a  bright  brown  colour  is  found  in 
concretionary  masses,  covered  by  concentric  layers  of  heavy  spar, 
or,  near  the  surface,  partly  converted  into  zinc  carbonate.  Calamine 
was  first  discovered  in  the  north  of  Spain  in  1852,  and  in  1862 
considerable  attention  had  become  directed  to  this  region  by  the 
large  and  increasing  quantity  of  zinc  ores  which  Avere  being  sent 
into  the  market. 

The  zinc  deposits  in  the  provinces  of  Santander  and  Madrid  are 
very  fully  described  by  W.  K.  Sullivan  and  J.  P.  O'Reilly.^  These 
gentlemen  conclude  that  the  zinc  carbonate,  and  perhaps  also  the 
lead  carbonate,  was  originally  j^recipitated  from  solution  either  by 
carbonate  of  lime  or  by  dolomite.  In  some  instances  the  replacement 
is  so  complete  that  calamine  passes  insensibly  into  pure  dolomite, 
as  at  the  Yenta  Mines,  and  still  more  strikingly  at  the  Vicenta  and 
Reocin  Mines.  Both  the  carbonates  of  calcium  and  magnesium 
appear  to  have  taken  part  in  the  decomposition  ;  but  the  mag- 
nesium carbonate,  as  the  more  soluble,  appears  to  have  been 
wholly  removed,  while  some  of  the  carbonate  of  calcium  still 
remains  filling  joints,  or  forming  a  kind  of  conglomerate.  In 
depth  blende  of  a  bright  yellow  colour  is  seen  to  replace  the 
calamine  to  a  great  extent,  so  that  Avhilst  there  is  little  or  no  doubt 
as  to  the  metasomatic  origin  of  the  deposits,  it  is  still  an  open 
question  wdiether  the  ore  was  not  originally  all  blende,  which  has 
subsecpiently  become  converted  into  calamine  in  the  upper 
portions  of  the  deposit,  by  the  action  of  meteoric  waters,  possibly  by 
the  interaction  of  the  sulphate  of  zinc  produced  by  the  oxidation 
of  the  blende  wdth  the  carbonates  of  lime  and  magnesia,  and  more 
especially  the  latter.  The  highly  soluble  sulphate  of  magnesia 
thus  formed  would  readily  be  leached  out  and  removed. 

The  province  of  Santander  produced  18,325  tonnes  of  zinc  ore 
in  the  first  six  months  of  1893,  and  the  neighbouring  province  of 
Guipuzcoa,  into  Avhich  the  same  deposits  extend,  3,878  tonnes  in 
the  same  period. 

Copper. — A  zone  of  clay  slate,  110  miles  in  length,  courses  in 
a  north-westerly  direction  through  the  provinces  of  Huelva  in 
Spain,  and  of  Alemtejo  in  Portugal,  and  encloses  enormous  deposits 
of  cupriferous  iron  pyrites. 

In  Spain  the  deposits  of  Rio  Tinto  and  Tharsis  are  the  most 
imjDortant.  The  age  of  the  enclosing  rocks  is  somewhat  doubtful, 
many  geologists    believing    them    to    be    of    either    Silurian    or 

1  Notes  on  the  Geology  and  Mineralogy  of  the  Sjjcinish  provinces  oj  Santandtr 
and  Madrid,  London,  1863. 
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Devonian  age.  F.  Romer  ^  is  of  opinion  that  they  belong  to  a  low 
horizon  of  the  Calm-measures.  The  latter  opinion  has  been 
decisively  corroborated  by  the  researches  of  D.  Joaquim  Gonzalo 
y  Tarin.2 

Near  the  ore  deposits,  and  parallel  to  them,  dykes  of  quartz- 
porphyry  often  occur,  and  Spanish  geologists  have  suggested  a 
connexion  between  the  two  ;  this,  however,  Romer  does  not  feel 
inclined  to  accept.  These  deposits  of  cupriferous  pyrites  consist 
of  a  series  of  more  or  less  continuous  lenticular  masses  running 
parallel  with  the  bedding  of  the  enclosing  slate,  sometimes  extend- 
ing to  a  great  length,  occasionally  having  a  width  exceeding  fifty 
fathoms,  and  composed  of  an  intimate  admixture  of  iron  pyrites  with 
a  little  copper  pyrites,  through  which  strings  of  the  latter  mineral 
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Fig.  00.— PjTites  cTepo-sits,  Kio  Tinto. 

sometimes  ramify.  Small  strings  of  black  sulphide  of  copper  less 
frequently  traverse  the  mass. 

The  deposits  are  developed  in  the  immediate  neighbourhood  of 
a  series  of  dykes  of  porphyry  that  traverse  tke  stratified  rocks,  and 
with  the  presence  of  which,  that  of  the  deposits  is  evidently  very 
closely  connected.  A^eiy  often,  as  shown  in  the  section.  Fig.  9, 
page  41,  these  pyrites  deposits  occupy  the  zone  of  contact  between 
the  porj^hyry  and  the  stratified  rocks. 

At  Rio  Tinto  the  deposits  of  cupriferous  pyrites  assume  the 
form  represented  in  Fig.  99.  The  slate,  which  stands  nearly 
vertical,  is  altered  in  the  immediate  vicinity  of  the  deposits  by 
the  action  of  the  acid  salts  resulting  from  the  decomposition  of 
pyrites,  and  not  only  becomes  softer  but  also  assumes  a  yellowish- 

'  F.  ROmer,  Ztit-idiar.  d.  d.  geol.  Ge-seU-^ch.  1876,  p.  354. 

^  Memorias  de  la  Comiaion  del  Majm  Geologico  de  Espaiia.      Descrijicion  de  la 
Provincia  de  Huelva,  1886,  p.  496. 
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white  or  reddish-gray  tint.  This  decomposition  of  pyrites  proceeds 
with  considerable  activity,  and  it  has  been  calculated  that,  since 
the  mines  were  abandoned  by  the  Romans,  from  70,000  to  80,000 
English  tons  of  metallic  copper  must  have  been  carried  into  the  sea 
by  the  Tinto  River. 

The  comjDact  or  finely  crystallme  pyrites,  which  frequently 
exhibits  a  stratification  parallel  to  that  of  the  country  rock  and 
exhibits  similar  joints  and  headings,  contains,  on  an  average,  about 
2|  per  cent,  of  copper.  Quartz,  galena,  blende  and  arsenical  pyrites 
occur  very  subordinately,  and  drusy  cavities  are  exceedingly  rare. 
These  deposits  have,  almost  without  exception,  been  Avrought  at  a 
very  early  date,  the  workings  having,  in  some  cases,  reached  a 
depth  of  above  fifty  fathoms.  These  ancient  excavations,  the  larger 
jDroportion  of  which  are  undoubtedly  Roman,  were  confined  to  the 
branches  of  richer  ore  before  referred  to,  which  not  only  traverse 
the  main  deposit,  but  also  sometimes  extend  into  the  quartz- 
porphyry  forming  one  of  the  walls. 

The  Roman  workings  consist  of  numerous  circular  shafts,  which 
are  seldom  more  than  thirty  inches  in  diameter,  in  connexion  with 
various  tortuous  galleries,  which  invariably  follow  the  richer 
branches  of  ore.  By  becoming  saturated  with  waters  holding 
copper  salts  in  solution,  the  ancient  woodwork  of  the  mines  has 
been  wonderfully  preserved,  while  its  tissues  have  sometimes 
become  permeated  with  metallic  copper,  resulting  from  the  reduc- 
tion of  its  salts  by  woody  fibre.  In  this  way  timber  which  has 
been  employed  for  supporting  the  ground,  is  often  so  perfectly 
preserved  as  to  retain  markings  and  letters  cut  by  Roman  miners 
eighteen  centuries  ago. 

The  drainage  was,  in  Roman  times,  effected  by  a  series  of  wooden 
wheels  with  buckets,  acting  somewhat  in  the  manner  of  the  eastern 
noria,  of  which  numerous  remains  have  been  discovered.  Earthen- 
ware lamps  of  Roman  workmanship  are  constantly  found  in  the 
old  workings,  while  implements  and  vessels  of  bronze  have  been 
occasionally  met  with.  Still  less  frequently  human  bones  have 
been  discovered,  which,  by  the  action  of  copper  salts  upon  their 
calcic  phosphate,  have  assumed  an  appearance  resembling  that  of 
turquoise.  It  may  be  here  mentioned  that  some  time  ago  a 
bronze  plate  was  found  at  the  entrance  of  a  Roman  gallery  at  Rio 
Tinto,  recording  the  fact  that  it  was  commenced  during  the  reign 
of  Nerva,  a.d.  96-98. 

Up  to  the  present  time  Rio  Tinto  has  been  extensively  worked 
in  open-cast,  the  ores  being  in  part  exported,  and  in  part  treated 
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locally  for  the  copper  they  contain  by  a  process  of  solution  and 
precipitation.  The  very  extensive  scale  upon  which  operations  are 
conducted  at  Rio  Tinto  will  be  gathered  from  the  following  figures. 
The  amounts  of  pyrites  which  were  produced  during  recent  years 
were  as  follows  : — 


In  1895  -  the  quantity  of  pyrites  mined  was  1,372,876  tons  as 
against  1,387,095  in  1894,  the  percentage  of  copper  being  2-821  in 
the  former  year  as  against  3*027  in  the  latter.  The  amount  of 
pyrites  exported  Avas  518,560  tons  in  1895  as  against  485,441  in 
1894.  During  the  twenty-three  years  of  the  Company's  existence 
over  23,000,000  tons  of  pyrites  have  been  extracted,  and  it  is 
estimated  that  there  are  another  135,000,000  tons  now  opened  up. 

In  addition  to  copper,  Spanish  and  Portuguese  pyrites  contains 
from  20  to  35  dwt.  of  silver  per  ton,  together  with  traces  of 
gold,  both  of  which  were,  for  many  years,  not  utilised.  These 
metals  are  now,  however,  recovered  by  the  Claudet  process,  and  in 
1883  no  less  than  348,210  oz.  of  silver  and  1,911  oz.  of  gold, 
which  would  otherwise  have  been  lost,  were  thus  obtained. 

The  Tharsis  and  Calaiias  deposits,  both  lying  west  of  Rio 
Tinto,  belong  to  the  Tharsis  Sulphur  and  Copper  Company,  and 
possess  so  close  a  general  resemblance  to  those  of  the  last-named 
locality  as  to  require  no  special  description.     The  total  amount  of 

^   Revista  Minera,  1891,  xlii.  p.  134. 
-   Dii'ectors'  Report  for  1895. 
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pyrites  extracted  from  the  Tharsis  and  Calaiias  Mines  during  the 
year  1882  amounted  to  486,860  tons,  and  shipment  was  made  of 
212,218  tons  of  pyrites  and  5,534  tons  of  copper  precipitate. 

In  1895,^  the  total  production  from  the  Tharsis,  Calaiias,  and 
Lagunazo  Mines  (the  last  a  recent  acquisition)  was  612,483  tons, 
as  against  588,427  tons  in  1894.  The  amounts  for  export  and  for 
treatment  at  the  mines  were  respectively  218,037,  and  394,410 
tons  as  against  208,362,  and  380,065  tons  respectively  in  1894. 

QuiCKSiLVEE. — Mining  for  quicksilver  was  carried  on  at 
Almaden,  in  New  Castile,  at  a  very  early  period.  Theophrastus 
speaks  of  the  stony  cinnabar  of  Spain,  and  Vitruvius  mentions  that 
cinnabar  was  found  in  that  country  and  brought  thence  to  Rome 
for  treatment.  Strabo  states  that  this  mineral  was  found  in 
Turdetania  (  Almaden ),  and  Pliny  informs  us  that  10,000  lbs. 
weight  of  it  was  annually  sent  to  Rome. 

The  quicksilver  deposits  of  Almaden  occur  in  Upper  Silurian 
slates,  which  are  sometimes  interstratified  with  beds  of  limestone, 
but.  the  slates  themselves,  which  are  much  contorted,  rarely 
contain  cinnabar.  The  wall  rock  usually  consists  of  black  carbon- 
aceous slates  and  quartzites,  alternating  with  schists  and  fine- 
grained sandstones. 

The  deposits  of  cinnabar  strike  east  and  west,  incline,  near  the 
surface,  at  an  angle  of  about  65°,  and  then  dip  almost  vertically. 
There  are  three  deposits,  of  which  the  most  important  are  the 
San  Francisco  and  the  San  Nicolas,  each  of  which  has  an  average 
thickness  of  above  20  feet.  They  are  sometimes  divided  from 
one  another  by  only  two  or  three  feet  of  soft  slate,  and  at  the 
135-fathom  level  are  worked  as  one,  the  width  of  the  common 
opening  being  67|  feet.  These  deposits  consist  jmncipally  of 
quartzite,  with  either  granular  or  compact  cinnabar,  which 
permeates  the  mass  generally,  or  is  besides  concentrated  in  pockets 
and  bunches,  while  the  clefts  and  cavities,  by  which  the  deposit  is 
ti'aversed,  often  contain  native  mercury.  At  times  geodes  of  calc 
spar  are  enclosed  in  the  ore,  which  likewise  contains  iron  pyrites 
and  occasionally  a  little  galena.  In  the  year  1830  cinnabar  in  a 
stalactitic  form  was  found  in  the  Coucepcion  Nueva  Mine,  at 
Almadenejos ;.  this,  which  was  compact  and  of  a  yellowish- red 
colour,  was  probably  a  recent  formation. 

There  has  been  much  difference  of  opinion  with  regard  to  the 
nature  of  these  deposits.     Casiano  de  Prado,-  who  was  for  many 

^  Chairman's  Report,  The  Mining  Journal,  April  25th,  1S96. 
-  Don  Casiano  de  Prado,  Minas  de  Almaden,  Madrid,  1840. 
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years  director  of  the  works,  states  that  they  exactly  follow  the 
strike  and  dip  of  the  Silurian  rocks,  and  he  therefore  calls  them 
beds,  but  remarks  that  veins  of  cinnabar  occur  also  to  a  sub- 
ordinate extent  in  the  immediate  neighbourhood.  He,  however, 
considers  it  probable  that  the  ores  may  have  penetrated  the  slates 
from  below  ;  in  that  case  they  could  scarcely  be  regarded  as  true 
beds.  A.  V.  Groddeck  classes  them  with  bedded  deposits,  as  does 
also  Noggerath,  who  studied  the  district  in  1860  and  1861.^  Hop- 
pensack,^  Willkomm,^  and  Le  Play,*  on  the  other  hand,  have 
regarded  these  deposits  as  lodes.  The  last-named  author  con- 
siders the  vein-like  character  to  be  very  evident,  as  he  observed 
distinct  quartz  selvages  separating  the  vein  on  both  sides  from  the 
country  rock.  He  also  found  in  the  so-called  lodes  fragments  of 
a  diorite  which  occurs  in  the  immediate  neighbourhood,  and  with 
the  eruption  of  which  he  believes  them  to  be  intimately  connected. 

The  generally  received  opinion  at  jjresent  appears  to  be  that 
they  are  beds  of  quartzite  that  have  been  impregnated  by  solutions 
(or  according  to  some  by  vapours)  bearing  sulphide  of  mercury, 
Avhich  have  made  their  way  through  narrow  fissures  in  the  rock  ; 
these  latter  now  appear  as  veinlets  of  cinnabar.  No  doubt  the 
deposit  is  connected  genetically  in  some  way  with  the  existence  of 
the  eruptive  rocks  in  the  immediate  neighbourhood. 

The  richest  ore  obtained  contains  25  per  cent,  of  mercury,  the 
average  richness  of  the  whole  of  the  ore  treated  being  8'3  per 
cent.  The  average  production  of  quicksilver  at  Almaden  during 
the  ten  years,  1871  to  1880,  was  36,000  flasks,  weighing  1,242 
tonnes.  In  1876  seventeen  mines  yielded  26,323  tonnes  of  quick- 
silver ore,  and,  in  1877,  26,765  tonnes  of  ore  were  produced  from 
eighteen  mines.^  In  1882  thirteen  mines,  employing  3,2-10  miners, 
afforded  27,037  tonnes  of  ore,  worth  £39,633, 

In  1892  these  mines  produced  22,517  tonnes  of  ore,  of  which 
19,588  tonnes  were  treated,  producing  1,541  tonnes  of  metallic 
mercury.  In  1894  the  production  of  metallic  mercury  is  reported 
at  1,536  tonnes,  worth  £203,500, 

At  Mieres  in  Asturias  ^  mercury  occurs  in  rocks  of  Carboniferous 

1  A.  Nciggerath,  Zeit.srhr.  Ber<j.  Hiitt.  u.  Salimnw.  x,  1862,  p.  361. 

-  J.  M.  Hoppensack,  Ueher  den  Bergbau  in  Spanieu  iiberhatijjt  und  den  Queck- 
silberher<jhau  zu  Almaden  hifshesondere,  Weimar,  1796. 

^  M.  Willkomm,  "Die  Quicksilbergwerke  zu  Almaden,"  Polyfechn.  Central- 
hluff,  1849,  p.  357.  *  M.  F.  Le  Play,  Annale-s  des  Mines,  v.  1834,  p.  175. 

^  Revida  Minera,  1883,  p.  647. 

*  A.  Dory,  "The  Occurrence  of  Mercury  in  the  Asturias,"  Rev.  Univ.  des 
MineH,  xxxii.  Dec,  1895 
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ages,  chiefly  as  cinnabar,  but  also  as  the  black  sulphide  metacin- 
nabarite,  accompanied  by  realgar,  orpiment,  and  metallic  arsenic. 
At  La  Pena  the  ore  occurs  in  a  bed  of  breccia  at  its  contact  with 
the  upper  schists  and  quartzites  of  the  Mountain  Limestone,  the  bed 
being  60  to  90  feet  thick ;  it  also  occurs  in  small  pockets  and 
bunches,  filling  cavities  whose  general  direction  is  at  right  angles 
to  the  strike  of  the  bed.  At  Pelugano  the  deposit  takes  the  form 
of  a  contact  deposit  of  which  the  Mountain  Limestone  forms  the 
hanging  and  Devonian  quartzite  the  foot- wall  ;  at  Lada,  con- 
glomerates of  Carboniferous  age  and  even  three  seams  of  coal  are 
found  impregnated  with  cinnabar.  In  other  parts  of  the  province 
limestones,  sandstones,  and  metamorphic  schists  are  found  carrying 
cinnabar.  The  deposits  have  in  all  cases  been  formed  epactically  ; 
according  to  A.  Dory  the  mercurial  ores  have  been  deposited  in 
some  cases  from  solutions,  in  others  from  currents  of  gases  and 
metallic  vapours,  which  condensed  in  pre-existing  cavities.  The 
chief  mine  of  the  province  is  El  Porvenir,  which  in  1893  treated 
7,263  tonnes  of  ore  and  got  2,000  flasks  (each  of  34'503  kilogr.  of 
mercury),  and  in  1895  got  1,260  flasks  from  6,875  tonnes  of  ore. 
The  following  was  the  production  of  the  chief  mines  in  1893  : — 

El  Porvenir 2, 000 flasks] 

La  Union  Astiiriana  900     ,,       i  Togetlier  -with   150  tonnes  of 

La  Soterrana 300     ,,       )      arsenical  products,  contain- 

La  Exploradora      .    .  120     ,,  ing  90  %  of  ai'senious  acid. 

La  Concordia 100     ,,      J 

El  Pelugano  and  La  Minera  were  prospecting  only. 

The  total  production  of  the  district  from  1846  to  1893  has 
been  29,864  flasks. 

Tin. — The  Phoenicians  are  believed  to  have  procured  tin  from 
Spain,  and  to  have  carried  it  to  various  ports  on  the  Mediterranean. 
At  the  commencement  of  the  Christian  era  the  price  of  this  metal 
was  equal  to  about  five  shillings  per  jjound,  and  it  was  consequently 
regarded  as  very  valuable. 

In  Spain  tin  occurs  both  in  veins  and  disseminated  in  alluvial 
gravels,  and  is  most  frequently  found  in  the  provinces  of  Orense 
and  Pontevedra,  where,  within  an  area  of  twelve  square  miles,  about 
thirty  different  lodes  have  at  various  times  been  worked  since 
1830.  These  veins,  which  seldom  exceed  seven  inches  in  width, 
traverse  mica  schists  and  hornblendic  rocks.  The  veinstone 
consists  of  quartz  with  a  little  mica,  through  which  tin  ore,  wolfram 
and  iron  pyrites  are  sparingly  disseminated.  In  the  province  of 
Salamanca  there  are,   traversing    the    older    slates,    c^uartz    lodes 
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which  contain  tin  ore,  and  in  1875  the  tin  mines  of  that  region 
afforded  employment  to  seventy  workmen.^  Near  Cartagena  tin 
ore  occurs  in  lenticular  deposits  in  Permian  slate."  Tin  ore  has 
also  been  found  in  the  province  of  Almeria.^ 

In  1880  one  mine  only  was  productive,  employing  four  miners 
and  yielding  about  12  cwts.  of  black  tin. 

In  1893,  the  production  was  as  follows  :^ — 

Tonnes. 

Coruna         about      2| 

Oi'ense  „         15 

Pontevedra        „         9 

Salamanca        „         8 

Total  for  Spain  .     .     34^ 

The  production  is  irregular,  and  the  mines  of  the  last  named 
district  have  been  shut  down  since  1893. 

Antimony. — This  metal  occurs  here  as  elsewhere  in  the  form 
generally  of  sulphide,  as  stibnite  ;  the  largest  productions  seem  to 
be  in  Huelva,  but  it  is  also  worked  in  Leon  and  Oviedo.  A  good 
deal  of  stibnite  has  been  worked  in  the  Ribas  valley  in  the  Catalan 
Pyrenees.  The  deposits  occur  in  a  belt  of  metamorphic  schists 
and  shales,  traversed  by  veinlets  of  quartz  carrying  stibnite ;  the 
general  direction  of  these  veins  is  between  W.  10'  S.  -  E.  10'  N. 
and  S.W.  —  N.E.,  the  dips  varying,  but  generally  steep.  The 
shale  itself  runs  about  S.W. —  N.E.,  standing  almost  vertical,  and 
for  a  breadth  of  about  one  metre  seems  to  be  mineralised  by 
veinlets  of  quartz  with  stibnite  and  by  pockets  and  impregnations 
of  that  mineral,  the  walls  of  the  veins  being  nowhere  well  defined. 

An  interesting  and  perhaps  unique  occurrence  of  clay  shales, 
mineralised  by  impregnations  of  native  antimony,^  also  exists  near 
A^inuela,  in  the  province  of  Malaga  ;  the  metal  occurs  in  crystalline 
masses,  varying  from  about  the  size  of  an  egg  down  to  minute 
metallic  spangles.     This  deposit  is  not  at  present  worked. 

Iron. — The  value  of  the  Biscayan  deposits  of  iron  ores  has 

1  Massaret,  Ann.  Soc.  GeoL  BeJg.  1875,  ii.  p.  58. 

-  !M.  Garcia,  Boletin  de  la  Comision  del  Mapa  Oeolvgico  de  E>ipariu,  iii.  1876, 
p.  2. 

3  JReiista  Minera,  1821,  p.  148.  B.  v.  Cotta,  Die  Lehre  von- den  E^'zlofjeV' 
Matttn,  1861,  ii.  p.  457.     E.  Reyer,  Zinn,  1881,  p.  154. 

■*  Comifiion  EJecufiva  de  Entadistka  Minera,  1894. 

•'■'  Private  comnninication  from  Mr.  F.  E.  Harman,  F.G.S. 
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been  long  appreciated,  but  it  is  only  within  recent  years  that  their 
development  has  attained  really  enormous  proportions.  The  most 
important  of  these  deposits  are  situated  on  the  left  bank  of  the 
River  Nervion,  above  the  town  of  Bilbao/  and  range,  approximately, 
south-east  and  north-west,  the  rocks  associated  with  them  belong- 
ing to  the  Cretaceous  period. 

Although  the  iron  ores  of  this  district  have  long  been  known, 
it  was  only  after  the  end  of  the  Carlist  war  that  their  export 
assumed  important  dimensions.  Thus  in  1850  there  were  about 
3,200  tons  of  ore  laroduced,  and  250,000  in  1870 ;  the  export  of 
iron  ore  since  1877  is  shown  in  the  following  table  :- — 

Tonnes. 

1878 1,224730 

1879 1,117,836 

1880 2,345,598 

1881 2,500,582 

1882 3,692,542 

1883 3,378,234 

1884 3,155,432 

1885 3,295,982 

1886 3,160,047 

1887 4,170,422 

1888 3,591,637 

1889 3,885,612 

1890 4,272,918 

1891 3,316,464 

1892  3 3,854,872 

1893 3,953,475 

1894 4,121,354 

1895^ 4,032,846 

The  number  of  men  employed  of  recent  years  has  been  about 
7,000;  the  total  production  of  iron  ore  in  1893  was  4,571,800 
tonnes,  whilst  in  1881  it  was  2,800,075  tonnes. 

There  are  various  groups  of  mines  into  which  this  district 
may  be  divided,  the  most  important  being  Somorrostro,  Triano, 
and  Matamoros,  which  produce  over  90  per  cent,  of  the  entire 
output.  The  ores  found  in  these  deposits  are  known  locally  as  : — 
CamjMnilfVed  haematite;  liuhio, hvownhsema.tiie;  Vena dulce, a  soft 

1  W.  Gill,  Journal  of  the  Iron  and  Steel  Ins/.  1882,  p.  63. 

-  Bevista  Mintra,  1892,  xliii.  p.  94. 

^  Journ.  Iron  and  Steel  Inst.  1895,  ii.  p.  62,3.  ^  Ihid,  1896,  i.  p.  566. 
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rich  ore ;  and  Carhonato  de  hierro,  spathic  iron  ore.  The  spathic 
iron  ore  has  not  yet  been  exported. 

The  Campanil  has  hitherto  been  found  under  workable  con- 
ditions only  at  Triano  and  Somorrostro,  and  forms  but  a  small 
proportion  of  the  whole ;  but  as  this  mineral  is  most  in  request,  it 
has  disappeared  more  rapidly  than  the  brown  ore.  It  is  slightly 
inferior  to  the  BvMo  in  percentage  of  iron,  but  its  freedom  from 
silica  renders  it  specially  valuable. 

The  EvMo  is  a  hard  brown  ore,  and,  when  of  good  quality,  is 
richer  in  metallic  iron  than  the  Campanil ;  but  from  its  association 
with  siliceous  matter,  and,  occasionally,  with  pyrites,  it  requires 
careful  selection.  It  also  contains  more  moisture  than  the  other 
ores.  The  MvMo  deposits  are  sometimes  very  deceptive,  and  what 
appear  to  be  mountains  of  ore  turn  out  to  be  merely  shells  of  good 
mineral,  with  poor  siliceous  material  beneath. 

The  Vena  dulcc  is  soft,  of  a  deep  purple  colour,  very  rich 
in  iron,  and  has  been  worked  for  centuries,  by  means  of 
galleries  and  other  underground  excavations.  This  ore  is  seldom 
Avrought  separately  excepting  in  small  quantities  for  special 
purposes,  or  for  treatment  in  Catalan  forges,  or  by  the  Chenot 
process. 

The  Carhonato  de  liierro,  spathic  iron  ore,  occurs  in  both  red 
and  brown  ore  mines,  but  the  most  extensive  deposits  of  it  yet 
found  are  in  the  latter,  where  it  underlies  the  Buhio. 

In  the  classification  given  above,  the  term  Vena  includes 
other  and  harder  forms  of  this  ore,  known  locally  as  Vena 
acampanilada,  Vena  ruhiada  or  Buhio  avenado,  according  as  it 
partakes  of  the  nature  of  Camijanil  or  BvMo  respectively.  The 
relation  of  these  ores  to  one  another,  together  with  their  order  of 
succession,  has  not  been  thoroughly  investigated ;  no  geological 
survey  has  been  attempted,  and  no  deep  borings  have  been  made. 
There  seems  to  be  no  absolute  rule  as  to  the  relative  positions  of 
the  Buhio  and  the  Vena. ;  in  some  mines  the  latter  will  underlie 
the  former,  the  ore  growing  purer  as  it  descends.  Both  orders  of 
position  are  observable  in  the  Matamoros  district.  Certain  of  the 
rugged  escarpments  of  Buhio,  which  form  such  remarkable  features 
of  the  brown  ore  mines,  have  probably  been  at  one  time  covered 
with  Vena;  Avhich,  being  the  softer  ore,  has  been  washed  out. 
The  two  ores  are  often,  but  not  invariably,  separated  by  beds 
of  clay. 

The  accompanying  analyses  give  the  average  composition  of 
the  ore  raised  in  the  Orconera  Company's  mines. 
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Eed  Ore. 


Brown  Ore. 


Ferric  oxide  .... 

78 -03 

79-0(5 

Alumina 

0-21 

1-44 

Manganous  oxide  .    . 

0-86 

0-7n 

Lime 

3-61 

1  •(  11 ) 

Magnesia     .    .    .    .    . 

1  -e.) 

()-,V) 

Silica 

5-91 

8-1II 

Sulphiiric  acid 

0-01 

0-10 

Sulphur           .        .    . 

trace 

0-05 

Phosphoric  acid     . 

0-30 

0-03 

Carbonic  acid     . 

5 -OK 



Combined  water    .    . 

4-60 

8-25 

■29 
■15 
•74 

•50 
■02 
■80 
■05 
•04 
•02 


10  ^55 


Metallic  Iron 


99  •91 
54-62 


100-18 
55^97 


loo^ie 

54^80 


The  little  that  is  kiiown  of  the  geology  of  the  district  has  been 
gathered  from  the  studies  of  j\I.  Colette  in  1845,  and  of  Don 
Kamon  de  Adau  y  Yarza  in  1877.  Some  notes  upon  the  nature 
and  formation  of  the  ore  deposits  have  also  been  published,  in  1878 
and  1879,  by  M.  Bourson  and  M.  Baillis.  The  investigation  has, 
however,  only  been  partial,  and  the  inferences  drawn  have  not  been 
entirely  confirmed  by  subsequent  experience. 

According  to  Mr.  Kendall  ^  the  rocks  of  the  district,  which  are 
of  Cenomaniau  age,  consist  of  a  bed  of  limestone  some  2.50  feet 
thick  lying  between  a  calcareous  shale  and  a  micaceous  sandstone 
which  is  also  in  places  calcareous,  at  steep  and  irregular  angles  of 
dip.  The  ore  deposits  are  confined  entirely  to  the  limestone  bed  and 
are  wholly  within  it,  the  longest,  that  of  Triano,  being  about  two 
miles  long,  five-eighths  of  a  mile  broad,  and  220  feet  thick  in  the 
widest  part ;  the  larger  axis  of  this  deposit,  as  in  the  case  of  most 
others  of  the  district,  is  parallel  to  the  strike  of  the  strata.  Some- 
times the  limestone  has  been  weathered  away  entirely  from  an  ore 
deposit,  but  the  horizon  of  the  latter  can  then  be  found  by  means  of 
the  bed  of  dark  micaceous  sandstone  which  forms  its  floor.  It  seems 
most  probable  that  these  deposits  have  been  formed  by  the  meta- 
somatic  replacement  of  the  limestone,  which  was  more  or  less 
completely  converted  into  carbonate  of  iron  by  the  action  of  iron- 
bearing  solutions,  whilst  the  carbonate  was  in  turn  more  or  less 
completely  changed  into  brown  and  red  hsematites  by  the  action 
of  meteoric  waters  carrying  carbonic  acid  and  oxygen  in  solution. 

Of  recent  years  considerable  attention  has   been  paid  to  the 


J.  D.  Kendall,  Tht  Iron  Ores  of  Great  Britain,  1893,  p.  265. 
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deposits  of  iron  ore  found  in  various  parts  of  the  south  of  Spain; 
these  occur  in  the  provinces  of  Murcia,  Almeria,  Malaga  ^  and 
Sevilla,  whose  approximate  production  is  as  under  : — 


Miircia 

Almeria 

Malaga 


Tonnes. 
350,000 
163,200 

99,600 


Tonnes. 
388,000 
174,350 

70,700 


Tonnes. 
300,000 
115,000 

55,000 


Sevilla  produced  very  little  until  1895  when  about  100,000 
tonnes  of  ore  were  raised.  The  deposits  at  Porman  near  Cartagena 
appear  to  be  masses  or  bedded  deposits  in,  or  connected  with, 
limestones  ;  some  iron  ore  also  occurs  in  fissure  veins,  but  this  has 
not  been  greatly  worked.  In  Almeria  there  are  numerous  deposits 
of  which  Herrerias  in  the  Sierra  Almagrera,  and  the  Sierra  de 
Bedar  (often  spoken  of  as  Garrucha  ore  from  its  port  of  shipment), 
are  the  most  important.  In  the  former  place  the  ores,  consisting 
of  red  heematite  and  manganiferous  iron  ore,  appear  to  form  beds 
between  strata  of  schists,  whilst  in  the  Sierra  de  Bedar  the  ores  are 
chiefly  brown  and  red  haimatite  associated  with  mica  schists  and 
with  limestone. 

In  Malaga  the  best  known  deposit  is  that  at  Marbella,  whence 
96,529  tonnes  were  imported  in  1891.  The  ores  of  Malaga  are 
almost  exclusively  magnetites  of  high  quality.  They  occur  in 
rocks  of  archsean  age  consisting  of  dolomite,  gneiss,  amphibolite, 
mica  schist  and  serpentine.^  The  ores  seem  to  be  mostly,  if  not 
invariably,  connected  with  the  dolomite  beds,  occurring  generally 
at  the  contact  of  these  beds  with  serpentine  in  the  form  of  irregular 
bedded  veins,  often  lying  at  steep  angles.  The  chief  deposit 
at  Marbella  is  800  feet  long,  200  feet  broad  and  420  feet  deep. 
Mr.  Kendall  believes  these  ores  to  have  been  formed  metasomati- 
cally,  replacing  beds  of  dolomite  wholly  or  in  part,  and  that  their 
conversion  into  magnetite  took  place  at  a  subsequent  period,  due 
probably  to  the  same  action  that  metamorphosed  the  surrounding 
rocks . 

In  Sevilla  there  are  a  series  of  deposits  extending  from  the 
banks   of  the    Guadalquivir   northwards  to    past    Guadalcanal,  a 

^  A.  P.  VV^ilson,  "The  Iron  Ores  of  the  Mediterranean  Seaboard,"  Jouru.  Iron 
and  Steel  Insf.  1894,  ii.  p.  183. 

-  J.  D.  Kendall,  The  Iron  Ore>!  of  Great  Britain,  1893,  p.  273. 
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distance  of  about  thii'ty  miles.  The  most  important  of  these  deposits 
are  those  on  the  Monte  de  Hierro  worked  by  Messrs,  Baird  and  Co., 
Limited.  They  consist  of  a  series  of  large  irregular  deposits  either 
enclosed  in  crystalline  v/hite  limestone,  supposed  to  be  of  Upper 
Silurian  age,  or  else  developed  at  the  contact  of  this  limestone 
with  overlying  shales.  An  immense  amount  of  ore  has  been  found 
by  boring,  but  the  slope  and  dimensions  of  the  deposits  are  not  yet 
known.  The  ore  consists  of  specular  ore  and  haematite  of  good 
quality,  but  somewhat  contaminated  with  barytes  in  the  upper 
parts  of  the  deposit.  The  passage  between  the  limestone  and 
the  ore  is  quite  gradual,  and  the  latter  seems  to  have  been  formed 
by  metasomatic  action  upon  the  limestone.  The  formation  of 
specular  ore  is  probably  due  to  the  same  forces  that  induced 
the  metamorphism  of  the  enclosing  limestone.  At  Guadalcanal, 
further  to  the  north,  there  are  similar  deposits,  but  apparently 
on  a  somewhat  smaller  scale,  in  limestone  of  similar  character 
and  probably  of  the  same  age.  These  deposits  have  been 
worked  to  a  small  extent  to  supply  iron  ore  as  a  flux  for 
smelting  silver-lead  ores.  Further  south  and  about  forty-two 
miles  from  Seville,  near  the  village  of  El  Pedroso,  are  a  number 
of  apparently  smaller  deposits,  which  are  either  veins  or  bedded 
veins  in  schists  of  probably  pre-Cambrian  age,  with  occasional 
belts  of  limestone.  These  schists  are  traversed  by  a  variety  of 
porphyritic  dykes  and  are  almost  vertical,  resting  against  a  huge 
mass  of  granite  to  the  westward.  The  deposits  are  practically 
parallel  to  the  stratification,  running  about  north-west  and  south- 
east; the  chief  deposits  are  those  of  the  Lima  and  of  Juan 
Teniente,  and  consist  of  red  and  brown  haematite  and  occasionally 
specular  ore.  A  typical  section  of  the  Juan  Teniente  Mine  is  shown 
in  the  accompanying  sketch  Fig.  100.  There  are  also  a  series 
of  magnetite  deposits  that  seem  to  follow  a  somewhat  different 
direction,  and  which  appear  to  be  associated  with  igneous  rocks. 
These  magnetites  show  in  places  traces  of  cupriferous  minerals, 
chiefly  malachite  and  native  copper.  Too  little  work  has  been 
done  on  these  deposits  to  enable  any  very  definite  opinion  to  be 
formed  as  to  their  nature ;  they  are  all,  however,  almost  certainly 
epactic,  and  probably  much  more  recent  than  the  encasing  rocks. 
Similar  deposits  occur  at  Rosalina  and  Monte  Agudo.  At  Nava- 
lazarros  a  large  irregular  mass  of  magnetite  occurs  in  an  altered  rock 
that  was  probably  originally  a  diorite.  Several  of  these  deposits 
were  worked  at  one  time  in  order  to  supply  a  small  charcoal  blast 
furnace,  but  the  district  is  now  being  regularly  developed.     The 
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only  mine  that  has  made  shipments  is  the  ,  Monte  de  Hierro, 
which  produced  about  100,000  tons  in  1895.  The  ore  is  of 
high  quality. 

In  the  year  1880,  there  were  3,565,338  tonnes  of  iron  ore  pro- 
duced in  Spain  from  774  iron  mines,  employing  14,795  workmen. 
The  exports  during  the  same  period  were  2,932,998  tonnes  of  iron 
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Scale  I  inch  =  20  feet. 

Fig.  100. — Section  across  Juan  Teniente  Mine. 


ore,  and  3,766  tonnes  of  pig  iron.  In  1894^  Spain  produced  5,352,353 
tonnes  of  iron  ore,  worth  £666,000  ;  the  production  of  pig  iron  -in 
the  same  year  was  123,798  tonnes.  In  1895,-  the  export  of  iron 
ore  from  the  Avhole  of  Spain  amounted  to  5,248,192  tonnes,  whilst 
pig  iron  was  also  exported  to  the  amount  of  22,669  tonnes,  as 
against  48,538  tonnes  exported  in  1894.  It  need  hardly  be  said 
that  the  regular  manufacture  of  pig  iron  for  export  is  not  a  Spanish 
industry. 

Oxide  of  manganese,  of  which  one  or  two  thousand  tonnes  are 
annually  produced  in  Spain,  is  found  in  irregular  pockets  present- 
ing no  peculiar  features.  Its  production  varies,  hoAvever,  within 
very  wide  limits,  beinc^  oiven  for  instance  as  6,839  tonnes  for  1892.^ 
The  bulk  of  this  is  produced  in  Huelva,  a  very  small  quantity 
coming  from  Almeria. 

^  Revista  Minera,  Jan.  16,  1896. 

2  Joum.  Iron  and  Steel  Init.  1896,  i.  p.  565. 

^  Comision  Ejecutiva  de  Edadiitica  Minera,  1894,  p.  32. 
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GENER.4.L  Summaries  of  the   Production   of   Met  vlliferous   Minerals  in 
Spain  during  the  Years  1882  and  1893. 

1882.1 


Descrijition  of  Ore. 

Quantities.           1                              Values. 

Iron  ore  

Lead  ore  

,,         argentiferous. 

Silver  ore 

Gold  ore 

Copper  ore 

,,         argentiferous 

Tin  ore     

Zinc  ore  

Quicksilver  ore  .... 
Antimony  ore         .    .    . 

Cobalt  ore       

Manganese  ore   .... 

Tonnes. 

4,726,293 

341,818 

22,425 

18,349 

360 

1,720,853 

50 

0-23 

57,353 

27,037 

30 

40 

5,668 

Pesetas.                             & 

11,767,004                470,680 

44,949,117              1,797,964 

4,876,971                 195,078 

1,779,154                 71,166 

9,000                       360 

18,897,598                 755,904        ! 

50,000                    2,000 

250                           10 

1,928,810                  77,152 

990,841                   39,633 

6,450                         258 

26,170                    1,046 

227,897                    9,115 

Total  value  of.  Metalliferous  Minerals  \ 
produced  in  1882 / 

85,509,262             3,420,366 

1893. 


Description  of  Ore. 

Quantities. 

Values.  3 

Iron  ore   

Argentiferous  iron  ore . 

Wolfram  ore 

Iron  pyrites 

Ochre    

Lead  ore 

Argentiferous  lead  ore . 

Silver  ore 

Copper  ore 

Cupriferous  iron  pyrites 
Copper,  and  Cobalt  ore. 

Nickel  ore 

Nickel  and  Cobalt  ore  . 

Cobalt  ore 

Tin  stone         

Arsenical  pyrites  .    .    . 

Zinc  ore 

Mercury  ore 

Antimony  ore     .... 
Manganese  ore   .... 

Tonnes. 

5,419,071 

873 

19 

220,000 

1,030 

169,707 

179,458 

4,825 

15,219 

2,144,908 

1,116 

31 

38 

18 

34 

160 

62,616 

34,309 

88 

1,460 

Pesetas. 

20,282,732 

4,363 

4,876 

550,000 

3,550 

16,318,238 

20,698,448 

1,285,206 

139,503 

10,758,014 

133,920 

4,585 

4,005 

972 

18,053 

1,622 

1,935,506 

8,090,937 

13,918 

38,330 

£ 

676,091 

145 

163 

18,333 

118 

543,941 

689,948 

42,840        i 

4,650         1 

358,600 

4,464         i 

153 

134 

32 

602 

54 

64,517 

269,698 

464 

1,278 

Total  value  of  Metalliferous  Minerals \ 
produced  in  1893 f 

80,286,778             2,676,226 

1  "  Estadistica  Minera   de   E.spaua  correspondiente   al   Ailo    1882,"    Revi-sta 
Minera,  1883,  p.  647. 

^  Common  ejecufini  de  Estadistica  Minera.     Ano  natural  de  1893,  p.  147. 
^  Exchange  taken  at  30  pesetas  to  £1  sterling. 
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PORTUGAL. 


Almost  all  the  known  geological  formations  are  found  in 
Portugal.  One  third  of  its  area  consists  of  igneous  rocks,  a  second 
third  is  composed  of  the  more  ancient  sedimentary  deposits,  and, 
finally,  Tertiary  and  alluvial  dejDosits  occupy  large  areas  near  the 
centre  of  the  country,  besides  being  less  plentifully  disseminated 
in  other  parts  of  the  kingdom. 

Although  these  various  formations  contain  important  deposits 
of  valuable  ores,  the  literature  of  the  subject  is  extremely  scanty, 
being,  according  to  M.  F.  d'Albuquerque  d'Orey,^  the  author  of  a 
valuable  memoir  on  the  mineral  resources  of  Portugal,  confined 
to  the  catalogues  of  the  Paris  Exhibition  of  1867,  and  of  the 
Philadelphia  Exhibition  of  1876.  For  the  purposes  of  this  memoir 
the  author  referred  to,  availed  himself  of  certain  official  MSS.  in 
the  Government  Mining  Bureau,  to  which,  with  the  exception  of 
what  relates  to  the  mines  of  San  Domiugos,  I  (J.  A.  P.)  am 
indebted  for  the  figures  quoted. 

Many  of  the  more  important  ore  dejDOsits  of  Portugal  were 
worked  successively  by  the  Phoenicians,  Carthaginians,  and 
Romans,  but  the  circumstance  that  until  the  early  part  of  the 
present  century  all  minerals  were  regarded  as  national  property, 
the  ownership  being  vested  in  the  Government,  tended  to 
materially  retard  the  progress  of  this  branch  of  industry.  In 
1852,  however,  the  mining  laws  were  revised  and  reformed, 
and  from  that  year  recent  mining  in  Portugal  may  be  said 
to  date. 

Gold  is  found  in  small  quantities  in  the  sands  of  some  of  the 
rivers,  but  the  amount  collected  is  so  insignificant  as  to  be  of  no 
commercial  importance.  Small  quantities  of  gold  are  also 
occasionally  extracted  from  the  antimony  veins  at  Valongo.  As 
already  mentioned,  it  occurs  mainly  as  placer  gold  in  some  of 
the  streams  that  form  the  boundary  between  this  country  and 
Spain. 

There  are  no  deposits  in  Portugal  of  silver  ores  proper,  but  this 
metal  occurs  to  a  small  extent  in  association  with  ores  of  lead  and 
copper. 

Lead,  Zixc  and  Antimony. — -Lead  occurs  in  various  localities, 

1  "Die  Bergweiks  Industrie  in  Portugal,"  ^e^-jr.  ^uid  Hiittenm.  Zd(.  1881, 
p-  201,  &c. 
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the  deposits,  to  some  extent,  resembling  those  of  Spain.  The 
principal  lead  districts  are  those  of  Villa  Real,  Vizeu,  Aveiro, 
Portalegre,  and  Beja.  The  most  important  lead-mining  area  is 
apparently  that  of  Mertola,  near  the  Guadiana,  where  the  galena 
contains  about  24  oz.  of  silver  per  ton,  while  the  cerussite  and 
anglesite,  &c.,  which  accompany  it  are  sometimes  much  richer. 
Zinc  ores  ai'e  not  known  to  occur  in  Portugal  in  workable 
quantities,  but  blendes  so  argentiferous  as  to  be  classed  as  silver 
ores  have  sometimes  been  found.  Ores  of  antimony,  chiefly  in  the 
form  of  sulphides,  occur  in  three  different  regions,  and  occupy  as 
many  distinct  geological  formations. 

In  the  district  of  Evora,  antimony  ore  occurs  in  a  quartz  lode 
at  the  contact  of  Palseozoic  beds  and  granite. 

The  principal  antimony  veins  in  the  neighbourhoods  of 
Valongo,  Paredes,  and  Gondomar  in  the  district  of  Oporto,  may  be 
divided  into  two  systems  characterised  by  different  strikes.  The 
deposits  coursing  N.  10°  to  20°  W.,  may  be  described  as  bed-like 
lodes,  since  their  strike  is  identical  with  that  of  the  country  rock. 
The  other  system  courses  N.  30°  to  G0°  E.,  and  both  occur  in 
Silurian  rocks.  A  third  region  of  antimonial  ores  is  situated  near 
the  town  of  Alcoutim,  in  the  district  of  Faro,  where  there  are  two 
distinct  lodes,  one  coursing  east  and  west,  and  the  other  north-west. 
The  latter  has  the  same  strike  as  the  country  rock,  and  is  the 
only  one  now  worked.  These  lodes  occur  in  the  slates  of  the 
Culm  formation,  and  their  production  was  formerly  greater  than  it 
is  at  the  present  time. 

Copper. — Numerous  copper  veins  occur  in  granites  and  por- 
phyries in  the  district  of  Evora,  and  another  important  deposit  is 
that  of  Palhal,  in  Aveiro,  which,  in  addition  to  copjoer,  contains 
small  quantities  of  nickel  and  cobalt.  The  most  important  copper 
deposits  are,  however,  those  of  San  Domingos,  Aljustrel,  and 
Grandola,  enclosed  in  the  great  metalliferous  belt  extending  into 
Portugal  from  the  Spanish  province  of  Huelva. 

The  celebrated  mine  of  San  Domingos,  which  produces  the 
principal  portion  of  the  cupriferous  pyrites  raised  in  the  country,  is 
situated  in  an  arid  and  rocky  district  nine  miles  from  the  Guadiana 
River  and  about  thirty  miles  from  the  sea.  The  lithological 
characteristics  of  this  part  of  the  country  are  almost  identical  with 
those  of  the  metalliferous  district  of  Huelva  in  Spain,  and  the  ore 
deposits,  of  which  the  strike  is  west-north-west  and  east-south-east, 
are  probably  of  the  same  age.  The  ore,  which  is  a  cupriferous 
iron  pyrites,  yields,  by  dry  assay,  about  2|  per  cent,  of  copper,  but 
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contains   less  arsenic  and   somewhat  less  silver  than  some  of  the 
Spanish  ores. 

San  Domingos,  like  Rio  Tinto  and  Tharsis,  was  extensiv^ely 
worked  by  the  Romans,  who,  from  the  coins  which  have  been  found 
in  the  various  excavations,  appear  to  have  occupied  this  locality 
from  the  latter  portion  of  the  reign  of  Augustus  down  to  the  parti- 
tion of  tbe  Empire  under  Theodosius,  a  period  of  about  three  and 
a  half  centuries. 

In  the  valley  into  which  the  drainage  level  empties  itself,  rows 
of  sarcophagi,  still  containing  bones,  have  at  various  times  been 
found,  while  in  other  excavations,  cineraiy  urns  and  other  indica- 
tions of  cremation  have  been  repeatedly  met  with. 

Among  the  relics  which  have  been  found  of  ancient  raining 
operations,  the  most  interesting  was  a  series  of  large  drainage 
wheels  of  wood  in  a  state  of  perfect  preservation.  These  wheels, 
to  the  number  of  ten,  were  furnished  with  buckets  on  their  circum- 
ference for  the  removal  of  water  ;  eight  of  them  being  sixteen  feet 
in  diameter,  while  the  other  two  had  a  diameter  of  twelve  feet  only. 

The  quantity  of  pyrites  extracted  from  this  mine  from  the  date 
of  its  being  first  opened  to  the  end  of  1877,  has  been  approximately 
as  follows  : — 

Ancient  excavations  estimated  at  150,000  cubic  metres ; 
modern  excavations  659,671  cubic  metres.  Total  800,671  cubic 
metres,  or  about  3,578,475  English  tons. 

During  the  year  1882  the  output  of  pyrites  from  San 
Domingos  amounted  to  405,029  tons,  in  addition  to  which  about 
5,000  tons  of  copper  were  obtained  in  the  form  of  precipitate  from 
the  local  treatment  of  the  ores.  In  1887  about  350,000  tons  were 
produced,  and  in  1895  the  output  was  185,463  tons  of  pyrites,  as 
against  196,922  tons  in  1894.  The  value  of  these  copper  ores 
constitutes  about  nine-tenths  of  the  total  value  of  the  metallic 
minerals  produced  in  Portugal. 

Copper  ore  deposits  likewise  occur  in  the  province  of  Algarve, 
at  the  contact  of  Jurassic  and  Triassic  rocks,  where  they  are 
traversed  by  dykes  of  diorite  and  serpentine.  These  deposits, 
which  contain  magnetite,  in  their  geological  and  mineralogical 
characters  somewhat  resemble  the  deposits  of  Traversella,  and  of 
Monte  Catini  in  Tuscany.  They,  however,  contain  comparatively 
little  copper,  and  the  mines  once  opened  upon  them  are  now 
abandoned. 

TlN.^ — Tin  ore  occurs  in  Portugal  in  various  localities,  especially 

^  E.  Reyer,  Zinn,  1881,  p.  155. 
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in  the  provinces  of  Beira,  Minlio,  and  Tras-os-Montes,  where  it  is 
found  in  alluvial  gravels,  in  the  form  of  stockworks  in  the  granite, 
and  as  tin  veins  in  the  older  slates.  Tin  mines  were  worked  in 
Portugal  in  the  time  of  Agricola,  and  tin-streaming,  on  a  small 
scale,  is  one  of  the  oldest  industries  of  the  country. 

Eschwege  ^  found  tin  ore  in  the  sands,  as  well  as  in  the  granites, 
of  Valongo,  and  established  stream-works  Avith  considerable  success; 
but  the  unsettled  state  of  the  country  is  said  to  have  ultimately 
brought  the  enterprise  to  a  standstill. 

There  are  no  available  statistics  relative  to  the  present  annual 
yield  of  tin  ore,  but  the  value  of  the  yearly  production  has  been 
estimated  at  £450.  In  1874  tin  mines  were  worked  in  the 
province  of  Tras-os-Montes  to  the  depth  of  about  twenty-five 
fathoms,  but  were  ultimately  abandoned  as  unremunerative.  The 
quantities  of  ore  produced  are  small  but  variable ;  thus  the 
production  for  1892  is  given  as  18  tonnes  and  for  1894  as  26 
tonnes  of  tin  ore. 

Iron. — Portugal  is  rich  in  iron  ores  of  good  quality,  large  and 
important  beds  of  this  mineral  occurring  in  almost  all  parts  of  the 
kingdom  ;  however,  with  but  few  excej)tions,  all  the  iron  mines 
of  the  country  are  now  abandoned.  The  exportation  of  a  few 
thousand  tons  of  iron  ore  to  England  represents  the  whole  of  the 
production  of  the  mines  of  Portugal.  This  is  accounted  for  by 
the  poverty  of  the  country  in  coal,  and  by  the  absence  of  forests, 
resulting  from  the  extravagance  of  former  generations. 

Among  the  iron  ore  deposits  of  Portugal  the  following  are  the 
most  important,  namely  : — the  lisematite  bed  of  Quadramil,  in  the 
province  of  Tras-os-Montes,  which  may  be  followed  for  a  distance 
of  five  miles.  It  is  frequently  sixty-six  feet  in  thickness,  and 
occurs  in  Laurentian  rocks.  The  iron  ore  veins  in  the  Braganza 
district,  Tras-os-Montes,  now  produce  less  than  200  tons  of  ore 
per  annum.  The  iron  ore  deposits  of  Moncorvo,  also  in  the  same 
province,  consist  of  a  number  of  lenticular  deposits,  coursing 
north  70°  in  Laurentian  rocks.  These  beds  have  a  gentle  dip, 
are  frequently  traversed  by  quartz  veins,  and  are  sometimes  as 
much  as  328  feet  in  thickness.  They  contain  both  red  iron  ore 
and  magnetite ;  and  large  masses  of  ore  which  have  become 
detached  from  the  outcrops  by  former  rains,  have  formed,  in  the 
valleys,  extensive  surface  deposits  which  have  been  estimated  at  ten 
million  tons.  The  iron  ore  in  the  beds  themselves  is  estimated  at  least 
at  fifteen  million  tons,  and  contains  from  39  to  59  per  cent,  of  iron. 
'  KardeiCs  Archiv.  1835,  p.  221. 


PART  II  PORTUGAL  517 

la  the  district  of  Odemira,  in  Alemtejo,  iron  and  manganese 
deposits  occur  as  lodes,  as  surface  deposits,  and  as  deposits  of 
sandstones  containing  iron.  Thie  lodes,  which  traverse  Laurentian 
limestones  and  slates,  are  very  wide,  and  contain  haematite, 
pyrolusite,  heavy  spar,  and  quartz.  The  production  of  this  district 
attained  its  maximum  ia  1874,  when  40,496  tons  of  iron  ore 
were  produced,  and  from  that  date  to  1877  has  rapidly  decreased, 
the  present  output  being  exceedingly  small. 

Manganese. — In  Portugal  ores  of  manganese  frequently  occur 
in  association  Avith  iron  ores,  but  there  are  also  deposits  containing 
manganese  ores  only.  These  are  principally  found  in  the  province 
of  Alemtejo,  where  they  occur  in  a  zone  about  twenty-four  miles  in 
length  between  the  towns  of  Mertola  and  Grandola,  parallel  to 
which  are  the  celebrated  pyrites  deposits  of  Rio  Tinto,  Tharsis,  and 
San  Domingos.  Manganese  ores  here  form  lenticular  beds  coursing 
N.  40°  W.,  in  Silurian  and  Lower  Carboniferous  strata,  and  are 
usually  accompanied  by  beds  of  quartzite  ;  manganese  ores  also 
occur  in  the  form  of  lodes  traversing  quartzites.  The  ore  is 
pyrolusite,  and  with  it  occur  red  luematite  and  heavy  spar,  while 
the  country  rock,  as  before  stated,  is  quartzite.  In  1875  twelve 
mines  were  working  in  this  district,  and  the  Paco  Mine  alone 
produced  812  tonnes  of  ore,  and  employed  sixty  workmen.  No 
official  returns  are  made  of  the  metalliferous  minerals  annually 
produced  in  Portugal,  but  there  being  no  smelting  operations  carried 
on  at  all,  none  of  the  ore  raised  is  treated  in  the  country,  and  the 
production  of  ores  may  be  taken  as  equal  to  the  quantities  exported. 
According  to  the  official  customs  returns,  these  were  as  follows 
for  the  year  1894  : — 


Exchange  is  calculated  at  1  milreis  =  4v. 
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SCANDINAVIA. 

Scandinavia  is  to  a  large  extent  composed  of  the  older 
crvstalline  rocks,  such  as  granite,  gneiss,  mica  schist,  chlorite  schist, 
talc  schist,  hornblende  schist,  crystalline  limestone,  dolomite,  &c., 
which  are  frequently  traversed  by  porphyries,  gabbros,  basalts,  and 
other  igneous  rocks.  Overlying  these  rocks  are  strata  of  Silurian 
and  Devonian  age,  which  in  some  districts  cover  considerable  areas, 
but  the  more  recent  sedimentary  rocks  are  represented  only  in 
the  most  southern  portion  of  Sweden.  True  veins  are  not  of  frequent 
occurrence  among  the  ore  deposits  of  Scandinavia,  since  the  majority 
of  them  are  bedded  veins,  whilst  many  are  associated  with  bed-like 
masses  called  Fahlhands.  Iron  and  copper  ores  are  the  most 
important,  after  which  come  silver  and  cobalt  ores;  and  then,  very 
subordinately,  lead,  zinc  and  nickel  ores. 


Norway. 

The  fundamental  rocks  of  Norway  are  assigned  by  Norwegian 
geologists  to  the  Azoic  epoch,  in  which  are  included  the  Archaean 
rocks,^  as  well  as  the  earlier  gneiss.  The  close  of  the  Archaean 
period  in  Norway  was  marked  by  eruptions  of  granite,  which  in 
some  cases  form  extensive  ranges  of  hills,  while  in  others  they 
constitute  irregular  detached  masses.  These  granites  are  frequently 
accompanied  by  gabbros,  and  both  appear  to  have  exercised  an 
important  influence  upon  dejjosits  of  ore.  Immediately  after  the 
great  changes  produced  by  the  eruptions  of  granite,  and  possibly 
even  while  they  were  still  in  progress,  the  deposition  of  beds  of 
Taconic  age  commenced.-  These  beds,  of  which  there  are  three, 
rest  unconformably  on  the  older  rocks.  The  second  member 
of  the  series  has  been  identified  as  corresponding  to  the  Potsdam 
sandstone  of  the  United  States.  The  Taconic  beds  cover  a  large 
proportion  of  the  area  of  Norway.  The  Silurian  and  Devonian 
formations  occur  mainly  in  two  considerable  areas,  the  one  at  and 
north  of  Christiania,  and  the  other  near  the  most  southern  limits 
of  the  country. 

1  0.  G.  Broch,  Le  Roymime  de  Norvege  et  h  PttqAt  Xorvegien,  p.  106. 

2  Taconic,  a  term  applied  by  Professor  Emmons  to  certain  i-ocks  east  of  the 
Haclson,  which  consist  of  slates,  quartz  rock,  and  limestone,  of  Lower  Silurian 
or  upper  Cambrian  age. 
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Four  outbursts  of  Plutonic  rock  are  recognised  as  having  taken 
place  in  Norway  ;  namely,  a  Pre-Taconic,  a  Post-Taconic,  a  Silurian, 
and  an  eruption  of  Post-Devonian  age.  Throughout  Southern 
Norway  the  formations  from  the  Devonian  to  the  Post-Tertiary  are 
entirely  wanting. 

GoLD.i — Although  Norway  has  never  been  an  important  gold 
IDroducer,  it  has  long  yielded  small  but  unknown  quantities  of  that 
metal.  The  archives  in  Christiania  show  that  gold  was  found  in 
Norway  in  the  reign  of  Christian  IV.,  and  in  the  seventeenth 
century  two  mines  were  worked  for  gold  near  the  famous  Kongs- 
berg  Silver  Mines;  it  may  be  mentioned  that  one  of  these  latter 
mines  is  now  producing  silver  rich  in  gold.  In  1705  native  gold 
was  found  in  the  Aardal  Mines,  at  the  end  of  the  Sogne  Fjord, 
and  in  1758  several  thousand  grammes  were  extracted  from  quartz 
mined  near  Eidsvold.  Several  Norwegian  rivers,  especially  in  the 
north,  have  been  found  to  carry  gold  ;  thus  men  working  in  the 
Tana  River  were  able  to  pan  out  a  little  over  a  pennyweight  per 
man  per  day.  Most  of  the  copper  produced  carries  gold,  sometimes 
in  sufficient  quantity  to  pay  for  extraction. 

The  only  gold  mine  properly  so  called  at  present  working,  is 
that  owned  by  the  Oscar  Company,  now  known  as  the  Bremnses 
Gold  Company,  Limited,  on  the  island  of  Bommel,  on  the  west 
coast  of  Norway,  about  midway  between  Bergen  and  Stavanger. 
The  prevailing  country  rock  is  a  saussurite  gabbro,  in  which  large 
masses  and  dykes  of  quartz  porphyry  occur ;  on  the  south  of  the 
district  there  is  a  large  tract  of  finely  crystalline  slate,  the  quartz 
veins  in  which  do  not  appear  to  be  auriferous.  The  gabbro  is  also 
traversed  by  eruptive  "  slate  dykes,"  containing  much  chlorite, 
calcite  or  dolomite,  and  which  are  supposed  by  Dr.  Beusch  -  to 
be  altered  dioritic  rocks  ;  the  quartz  prophyry  passes  in  places 
into  what  has  been  provisionally  classed  as  epidote  granite,  or 
plagioclase  granite  according  to  Dr.  Reusch.  The  rocks  have 
been  highly,  and  perhaps  repeatedly,  metamorphosed,  and  their 
relations  to  each  other  are  obscure.  Notably  the  dioritic  slate 
dykes,  and  also  the  quartz  porphyry,  are  traversed  by  quartz  veins, 
somewhat  lenticular  in  character  as  a  rule,  often  broken  and 
faulted  in  some  cases  by  the  intrusion  of  dykes.  They  are  thus 
older  than  one  series  of  dykes  and  younger  than  another.  There 
are  a  number  of  these  veins,  some  eight  of  which  are  well  marked  ; 

^  For  the  greater  part  of  the  information  respecting  gold  in  XorMay,  I  am 
indebted  to  the  kindness  of  Mr.  John  Daw,  jun.— H.L. 

2  Dr.  Hans  Reusch,  B^mmel^tn  og  Karm^en,  Kristinia,  1888,  p.  392.  . 
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some  of  them  have  been  traced  for  over  two  miles,  whilst  crop- 
pings  of  auriferous  quartz  are  known  on  the  mainland  some  ten 
miles  distant.  The  walls  of  these  veins  are  generally  diorite  on 
one  side  and  porphyry  on  the  other,  but  they  are  found  traversing 
all  the  rocks  already  named.  The  walls  are  generally  well  defined, 
and  the  width  of  the  veins  varies  from  four  inches  to  six  feet ;  the 
average  is  about  three  feet,  and  the  richer  portions  rarely  exceed  a 
foot  in  width.  Their  strike  is  about  N.E.  and  S.W.,  the  dip  being 
S.E.  25'  to  45  ^  Most  of  the  quartz  is  more  or  less  auriferous, 
but  the  richer  portions  are  concentrated  in  shoots  dipping  north- 
wards, their  average  richness  being  ^  oz.  to  1  oz.  per  ton.  The 
minerals  accompanying  gold  are  quartz,  calcite,  chlorite,  chalco- 
pyrite,  pyrites,  galena,  occasionally  telluride  of  bismuth,  whilst 
native  silver  has  been  found,  but  only  as  a  curiosity.  It  is  note- 
worthy that  coarse  gold  is  rarely  seen  in  those  veins  that  run 
through  the  porphyry,  whilst  telluride  of  bismuth  has  only  been 
found  in  those  penetrating  the  gabbro. 

The  most  important  veins  are  known  as  Haugesunds  Lode, 
Daw's  Lode,  Yorke's  Lode,  the  Hodgkinson  Lode,  and  the  Oscar 
Lode,  the  last  having  been  the  most  extensively  worked.  Opera- 
tions were  commenced  here  in  1884,  and  the  development  has 
been  by  means  of  twelve  shafts,  varying  in  depth  from  60  feet 
to  520  feet ;  three  are  over  440  feet  deep.  In  the  aggregate 
there  have  been  raised  since  the  date  named  some  25,000  tons  of 
quartz  that  have  yielded  bullion  to  the  value  of  about  £29,250. 
Quartz  and  slate  traversed  by  quartz  veins,  are  crushed  together, 
and  the  yield  at  present  is  at  the  rate  of  about  7h  dwt.  of  gold  to 
the  ton.  In  1893^  the  production  was  1,281  tons  of  quartz,  pro- 
ducing 310  oz.  of  gold,  but  at  present  work  is  being  pushed 
more  energetically.  About  90  per  cent,  of  the  gold  production  of 
Norway  comes  from  this  district. 

Silver. — The  celebrated  silver  mines  of  Kongsberg,-  which 
were  first  opened  in  1623,  are  situated  in  a  district  consisting 
chiefly  of  gneiss,  gabbro,  mica  schist,  hornblende  schist,  talc  schist, 
and  chlorite  schist.  The  ore  occurs  in  association  with  fahlbands, 
but  as  these  have  been  already  described,  pp.  112,  148,  no  further 
description    of  them    is   necessary.     The    most    remarkable   fahl- 

1   Tabdler  Vedkommtnde  Xorges  BeryntrLsdn/t,  1896,  p.  Ixxxiii. 

^  Kar.steii's  Archiv,  xxi.  1847,  p.  242;  A.  (iurlt,  Betyj.  und  Hiltteiim.  Zeit. 
1858,  p.  101  ;  T.  Scheerer,  Ihid.  1866,  p.  250  ;  P.  Herter,  Zeitschr.  d.  d.  ytol. 
GtsdUch.  1871,  xxiii.  p.  383;  G.  v.  Rath,  Neut»  Jahrh.  f.  Mmeral.  1869,  p.  434; 
0.  Weltz,  Btry.  und  Huttenm.  Ztit.  1878,  p.  115. 
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bands  near  Kongsberg  which  occur  in  Pre-Cambnan^  slates,  are  at 
the  Overberg,  five  miles  in  length,  and  about  300  metres  in  width, 
on  which  are  some  very  ancient  mines ;  and  on  the  plateau  of 
Underberg,  about  80  metres  in  width,  where  some  of  the  workings 
are  300  fathoms  in  depth.  Several  falilbands  occur  west  of  the 
Overberg.  The  principal  ones  being  those  of  Kragsgruben  and 
Barlindalen,  and  there  is  a  small  one  at  Helgevand.  The  only 
mines  now  working  are  on  the  two  first-named.  The  origin  of 
these  is  explained  by  Kjerulf  and  Dahll  on  the  hypothesis  of  the 
formation  of  fissures  through  tbe  eruption  of  gabbro,  and  the 
impregnation  of  the  rocks  by  metallic  sulphides. 

At  Kongsberg  there  is  a  marked  distinction  between  fahlbands 
in  slate  and  those  in  gabbro,  often  spoken  of  as  Falder,  the  former 
only  been  important.  The  maximum  amount  of  impregnation 
occurs  in  mica  schists,  and  the  minimum  in  quartzite  slates. 
Bobert,  who  was  the  first  to  recognise  fahlbands  as  a  distinct  form, 
of  ore  deposit,  shows  their  transition  into  the  lenticular  ore  beds 
characteristic  of  crystalline  schists.  The  Kongsberg  fahlbands  are 
comparatively  poor,  and  contain,  quite  subordinately,  compact  ore 
masses  which  are  never  worth  working.  To  the  miner,  however, 
they  are  of  great  importance,  since  the  silver  lodes  are  only 
productive  of  ore  within  the  fahlbands.  According  to  Miinster"^ 
there  are  four  types  of  veins  : — 

I.  Silver  bearing  veins,  the  gangue  being  chiefly  calc  spar,  with 
smaller  quantities  of  quartz,  zinc  blende  and  galena. 

II.  Felspathic  veins  younger  than  I. 

III.  Quartz  veins  carrying  copper  ores,  older  than  I  and  II. 

IV.  Quartz  veins  with  a  little  iron  pyrites  and  calc  spar. 

The  first  only  are  important,  and  contain  silver  ore  of  various 
kinds,  of  which  silver  amalgam  is  perhaps  the  most  interesting. 

Near  the  town  of  Kongsberg  there  are  about  fifty  old  mines,  of 
which,  approximately,  one  quarter  may  have  been  sunk  to  a  depth 
of  130  fathoms,  the  others  being  generally  much  shallower.  All 
these  mines  were  formerly  worked  for  silver,  and  some  of  them  are 
still  working  for  that  metal,  which  occurs  partly  as  native  silver, 
and  partly  in  the  form  of  various  sulphides.  The  Kongsberg  silver 
mines  are  the  property  of  the  State,  those  now  in  operation  being 
the  Kongens  and  Armen  Mines,  the  Gottes  Hulfe,  and  the  Haus 
Sachsen,  all  in  the  district  of  Overberg,   the   only  one   in   which 

1  Chr.  A.  Miinster,  Koiuj-shcry  trt-'idi^trlkt.  1894,  p.  32. 
-  OiJ.  cil.  p.  42. 
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work  is  still  extensively  carried  on.  The  latter  mine  after  lying 
unworked  for  many  years,  was  re-opened  in  1866.  The  Kongens 
and  Arm  en  Mines  yielded  for  a  long  period  the  chief  portion 
of  the  silver  produced  in  Norway,  and  has,  at  the  deepest  point, 
now  reached  a  depth  of  650  metres  or  355  fathoms,  of  which  180 
fathoms  are  beneath  the  adit  level.  The  Gottes  Hlilfe  is  131  fathoms 
in  depth,  and  of  the  material  brought  to  the  surface  about  60  per 
cent,  is  classified  as  pay  rock. 

From  the  Kongens  and  Armen  Mines  the  average  annual  pro- 
duction during  the  five  years  from  1871  to  1875  was  4,446  cubic 
yards  of  rough  ore,  which  yielded  about  3,679  oz.  troy  of  native 
silver,  141  tonnes  of  rich  ore,  and  1,468  tonnes  of  poor  ore.  From 
1865  to  1885  there  were  excavated  795,000  cubic  metres  of  rough 
ore,  which  yielded  about  79,500  kilograms  of  silver.^ 

At  the  Gottes  Hlilfe  Mine  the  average  annual  production  during 
the  same  period  was  1,715  cubic  yards  of  rough  ore,  affording  835 
oz.  of  metallic  silver,  14  tonnes  of  rich  ore,  and  51  li  tonnes  of  poor 
ore.  The  native  silver  averaged  880  fine,  the  percentage  of  silver 
in  the  rich  ore  being  1"S5,  and  in  the  j^oor  ore  0'054.  From  1865 
to  1885  the  Gottes  Hlilfe  Mine  produced  31,300  cubic  metres  of 
rough  ore,  containing  9,100  kilograms  of  silver,  and  the  Haus 
Sachsen  Mine  12,800  cubic  metres,  yielding  5,350  kilograms  of 
silver  from  1869  to  1885.-  During  the  year  1879  the  Kongsberg 
silver  mines  yielded  the  following  returns  : — ^ 

The  Kongens  and  Armen  Mines  j^roduced  2,577  kilogr.  of  native 
silver  containing  88  per  cent,  silver,  and  670  tonnes  of  silver  ore 
containing  0*28  per  cent,  silver,  worth,  respectively,  309,200  kroner, 
or  £17,177,  and  248,100  kroner,  or  £18,783. 

The  Gottes  Hlilfe  Mine  produced  81  kilogr.  native  silver,  and 
44,374  tonnes  of  silver  ore,  worth,  respectively,  £544  and  £944. 

The  Haus  Sachsen  Mine  produced  37  kilogr.  native  silver  and 
52*264  tonnes  of  silver  ore,  worth,  respectively,  £245  and  £1,528. 
This  gives  a  total  for  Kongsberg  of  770  tonnes,  worth  £34,222. 
In  1888  the  production  was  5,960  kilogr.  of  silver. 

In  1879  the  only  other  mine  in  Norway  j)roducing  silver  was 
the  Svenniugdals^  Mine  in  Vefsen.  This  produced  105  tonnes  of 
silver  ore  containing  about  1  per  cent,  of  silver,  worth  £6,111. 

In  1893  ^  the  total  production  of  the  Kongsberg  district  was 

^  Miinster,  op.  cit.  p.  46. 

-  Miinster,  op.  cit.  p.  47. 

^  Tahel/t}-  Vedkominende  Norges  Beryvahsdrift ,  1882,  p.  IG. 

'^Ihid. 

^  TabeUer  Yedkommende  Norges  Bergvurlcxdrift,  1S9G,  p.  18. 
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648   tonnes  of  silver  and  dressed  silver  ores  valued   at  £21,150. 
The  production  of  the  leading  Kongsberg  mines  was  as  follows : — 

Metallic  Silver.  Dressed  Silver  Ore. 

Kilogr.  Kilogr. 

Kongens  and  Armens  Mine  .    .    .  2,63o  .    .  418,164 

Gottes  Hiilfe  Mine 1,090  .    .  166,997 

Haus  Sachsen  Mine 186  .    .  59,378 

3,791  644,539 

The  only  other  mines  producing  silver  in  this  year  were  the 
Jakob  Knudsens  mines  in  Troms0,  which  produced  242  tonnes  of 
silver  ores.  These  ores  were  all  treated  at  the  Kongsbersf  smelting 
works,  the  total  production  being  4,773  kilograms  of  fine  silver.^ 

Copper. — The  ore  masses  of  R0ros  and  Dovre,  near  Trondhjem,^ 
wiiich  are  enclosed  in  Lower  Cambrian  mica  schists,  chloritic  schists, 
and  clay  slates,  are  always  conformable  with  the  strata,  and  never 
occur  as  true  veins.  The  mineralogical  character  of  these  deposits 
is  simple,  the  principal  ores  being  iron  pyrites,  copper  pyrites, 
magnetic  pyrites,  and  sometimes,  at  the  outcrop,  magnetite.  Blende 
and  galena  are  occasionally  met  with,  but  otherwise  the  beds  and 
the  slates  in  which  they  occur  are  poor  in  mineral.  The  beds 
may  be  divided  into  two  classes,  the  first  containing  iron  pyrites 
and  the  second  copper  pyrites  and  magnetic  pyrites.  Copper 
pyrites  is  intimately  mixed  with  the  iron  pyrites,  but  the  mixture 
of  copper  and  magnetic  pyrites  is  always  distinct.  The  iron 
pyrites  crystallises  in  cubes,  and  contains  as  much  as  5  per  cent, 
of  copper;  in  the  copper  pyrites  and  magnetite  beds  this  percentage 
is  somewhat  greater,  while  in  the  Storvarts  Mine,  at  Rpros  the 
copper  reaches  7  per  cent.  The  magnetic  pyrites  contains  0"2  per 
cent,  of  nickel  and  cobalt,  and  the  iron  pyrites  0'2o  per  cent, 
of  these  metals. 

The  following  analysis  ^  shows  the  percentage  composition  of  the 
ore,onlythe  more  important  constituents  being,  however,  determined  : 

^5ulphur 45'00 

Iron       3790 

Copper       207 

Lead 0'38 

Zinc 6'42 

Silver 4-60 

Alumina 2-01 

^  Tahelhr  Vedkommende  Noryes  Benjixcrkiidrift ,  p.  14. 

-  A.  Helland,  "  Fot^ekomster  aftise  i  in/sse  ski/ere  i  Norfje"  Christiania,  1873. 
^  J.  H.  L.  Vogt  on    "Pyrites  Deposits  in  Norway,"   &c.,  Zeitsch.  f.   Prakt. 
Otol.  1894,  p.  41. 
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The  beds,  although  always  conformable,  are  extremely  irregular, 
so  that  they  sometimes  represent  short  masses,  with  but  little 
extension  either  in  the  direction  of  their  strike  or  dip.  Their 
thickness  is  variable,  the  thickest  mass  of  pyrites  being  probably 
that  in  the  almost  abandoned  mine  of  L.okkens,  namely  eighty-five 
feet.  Thicknesses  of  from  thirty-three  to  forty-two  feet  are  some- 
times found  at  Ytter0en,  Foldal,  and  Undal,  but  this  great  width 
is  exceptional,  the  average  not  being  above  from  three  to  eighteen 
inches.  At  Foldal  the  deposit  is  220  metres  in  length  and  from 
2'o  to  14  metres  in  width;  at  Storvarts  it  is  1,350  metres  in  length 
by  200  metres  wide,  and  from  1  to  3  metres  in  thickness ;  Vigsnaes 
has  attained  a  depth  of  about  735  metres.  The  R0ros  beds, 
which  are  nearly  horizontal,  have  been  followed  in  the  direction 
of  their  dip  for  about  710  fathoms.  The  pyrites  beds  usually 
disappear  by  thinning  out,  but  they  sometimes  become  divided 
before  disap2:)earing.  These  beds  are  found  ia  certain  slates  only, 
and  are  absent  in  all  the  other  formations.  In  the  province 
of  Trondhjem,  in  S0ndfjord  and  in  Sondh0rdlancl,  there  are  non- 
fossiliferous  slates  which  are  remarkably  rich  in  pyrites.  This  pyriti- 
ferous  formation  frequently  lies  immediately  above  the  Azoic  rocks. 

In  the  large  pyrites  deposits  at  Ytterden  slate  seams  alternate 
with  pyrites ;  and  in  the  middle  of  the  pyrites  bed  at  Undal  there 
is  a  stratum  of  alum  slate,  with  a  strike  and  dip  coinciding  with 
that  of  the  pyrites.  It  is  remarkable  that  some  of  the  beds  con- 
taining pyrites  are  of  a  black  colour,  from  being  mixed  with  a 
certain  projiortion  of  carbon ;  thus  the  pyrites  from  Stord0en 
contains  26  per  cent,  of  that  substance.  It  is  well  known  that 
pyrites  sometimes  replaces  organic  forms,  so  that  these  beds  may 
possibly  have  been  deposited  through  the  instrumentality  of 
organisms. 

The  yield  of  Il0ros  during  the  year  1879  was  as  follows  : — 

The  Storvarts  Mine  produced  2,380  tonnes  of  copper  ore,  con- 
taining 7  per  cent,  of  copper;  the  Ny-Solskin  Mine  380  tonnes, 
containing  6'3  to  8  per  cent,  of  copper;  the  Kongens  and  Arvedals 
Mines  1,920  tonnes,  containing  from  3"2  to  36  per  cent,  of  copper; 
and  the  Gammel-Solskin  Mine  510  tonnes  copper  ore ;  giving 
a  total  for  the  K0ros  district  of  6,880  tonnes  copper  ore,  worth 
£17,770  and  4,550  tonnes  cupriferous  iron  pyrites,  containing 
43  per  cent,  sulphur,  worth  £3,185.^  The  R0ros  district  produced 
in   1893-  a  total  of  2,416   tonnes  of  pyrites   and   10,449   tonnes 

1  TahtUtr  Veclko7nmende  Gorges  Bergvcerksdrift ,  ]  882,  p.  19. 
-  Ibid.  1896,  p.  11. 
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of  copper  ore  ;  of  the  latter  total  2,756  tonnes,  averaging  between 
5'87  and  6'4o  per  cent,  of  copper,  were  contributed  by  the  Storvarts 
Mine,  and  8,309  tonnes,  averaging  from  4"10  to  4'64<  per  cent,  of 
copper,  were  produced  by  the  Kongens  Mine. 

The  Varaldso  Mine  (see  p.  183),  which  is  worked  upon  a  bedded 
vein  enclosed  in  the  slates  of  the  island  of  the  same  name,  has, 
during  the  last  sixteen  years,  afforded  an  average  yield  of  9,000 
tons  of  pyrites  annually.  This  ore  contains  less  than  1  per  cent, 
of  copper,  but  is  almost  entirely  free  from  arsenic. 

The  Ytter0  Mine,  in  Ytterden,  produced,  in  1879,  409  tonnes 
cupriferous  iron  pyrites,  and  6  tonnes  of  copper  ore,  worth  £315. 
In  1893  the  production  was  21,697  tonnes  of  pyrites,  containing 
1  to  3  per  cent,  of  copper  and  45  to  46  per  cent,  of  sulphur,  and  17 
tonnes  of  copper  ore. 

In  1879  the  Vigsnses  Mine,  near  Stavanger,  produced  39,898 
tonnes  of  cupriferous  iron  pyrites,  worth  £69,500.  Vogt  {loc.  cit.) 
considers  these  ores  as  having  been  formed  in  zones  of  crushino- 
and  shearing,  jjroduced  by  the  excessive  folding  of  the  strata ;  the 
introduction  of  the  metallic  constituents  being  connected  with 
the  intrusion  of  the  Saussurite  gabbros,  which  accompany  all  these 
Norwegian  pyrites  deposits. 

In  1893'  the  Stavanger  Mines  produced  21,824  tonnes  of  cupri- 
ferous iron  pyrites  of  a  character  similar  to  that  of  Ytterp. 

The  ore  district  of  Telemarken  begins  two  geographical  miles 
from  Kongsberg,  and  extends  sixty-five  miles  to  the  west  and 
south-west,  and  forty-eight  miles  to  the  north,  of  that  town. 

The  rocks  of  the  district  consist  of  quartzites,  quartzite  slates, 
hornblende  schists,  &c.,  and  these  are  penetrated  by  granite  and 
are  traversed  by  granitic  veins ;  in  some  places  these  granite  veins 
contain  copper  ores.  Scheerer  ^  describes  granite  veins  at  Strom- 
sheien  on  a  table-land  about  3,300  feet  above  the  sea,  between 
Moland,  in  Telemarken,  and  Valle,  in  Sadersdalen,  which,  although 
occurring  in  gneiss,  have  the  greatest  similarity  to  the  veins  in  the 
slates  of  Telemarken. 

These  granite  veins,  which  are  of  variable  thicknes.s,  namely 
from  16  to  25  feet,  consist  of  a  granite  very  rich  in  quartz  but 
poor  in  mica,  containing,  as  accessories,  magnetite,  garnet,  apatite, 
•beryl,  and  various  other  minerals.  They  contain  copper  glance 
in  nests  and  ramifications,  in  such  a  way  that  Scheerer  was  led 
to  suppose  that  the  ore  and  granite  were  introduced  at  the  same 
time  by  igneous  fusion.  The  copjjer  ores  enclosed  within  the 
^  Be)yj.  nnd  Huttmm.  Zeit.  1863,  p.  157. 
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granite  of  Telemarken  are  mixed  with  quartz,  and  of  this  he 
describes  two  characteristic  examples,  namely  :  a  vein  at  the 
Moberg  Mine,  from  three  to  thirteen  feet  in  thickness,  and  almost 
vertical,  consisting  half  of  granite  and  half  of  quartz,  containing 
copper  ores,  with  tellurium-bismuth  ;  and  a  thick  granite  vein 
at  the  Niismark  Mine,  traversed  b}'  regular  vein  fissures  running 
obhquely  across  it,  filled  with  quartz,  copper  glance,  and  variegated 
copper  ore. 

Fig.  101,  after  Scheerer,  is  a  section  of  this  vein,  in  which  a 
represents  mica  schist,  h  granite,  and  c  veins  of  quartz  containing 
copper  ores. 

Herter  ^  thinks  it  certain  that  the  quartz  and  copper  ores  were 
subsequently  deposited  in  fissures  in  the  granite  vein,  and  there 
can  be   but   little   doubt  that  the  copper  ores  and  quartz  filling 


Fig.  101. — Vein  at  the  Niismark  Mine  ;  liorizontal  sectioc. 


these  fissures  are  the  result  of  segregation  from  the  granite  or  else 
of  a  leaching  action,  in  the  same  way  that  the  gold  quartz  of  the 
Australian  mullock  veins  is  the  result  of  the  decomposition  of  an 
eruptive  rock.  With  an  increase  of  depth  all  the  copper  lodes  of 
Telemarken  have  gradually  become  less  valuable.  In  1893  the 
production  of  various  small  Telemarken  mines  was  1,02'1  tonnes  of 
ore  assaying  20  per  cent,  of  copper. 

A  thick  mass  of  diorite,  coursing  from  north  to  south,  con- 
tinuous for  many  miles,  and  traversing  both  crystalline  slates  and 
grauwacke,  contains  at  Kaafjord,  in  latitude  69'  north,  various 
copper  lodes.  These  course  from  south-west  to  north-east,  are 
from  one  foot  to  fourteen  feet  in  thickness,  and  are  filled  with 
a  breccia  of  quartz,  calc  spar,  iron  pyrites  and  copper  pyrites,  , 
which  are  cemented  together  by  altered  diorite. 

The  Kaafjord  Mine  produced,  in  1878,  2,700  tonnes  of  copper 
ore,  worth  £6,555,  and  employed  fifty-five  men.     1879  this  mine 

1  Ztitschr.  d.  d.  geol.  Gesdlsch.  vol.  xxiii.  1S71,  p.  377. 
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was  not  working.^  In  ]S03  there  were  smelted  in  Norway  16,326 
tonnes  of  copper  ore,  almost  exclusively  at  R0ros,  with  the  pro- 
duction of  786  tonnes  of  metallic  copper.  The  cupriferous 
pyrites  is  all,  however,  exported  as  such,  and  not  treated  in  the 
country. 

Nickel.- — The  nickel  deposits  of  Ringerikes  occur  in  fahlbands 
or  in  belts  of  micaceous  and  hornblendic  schists,  impregnated  with 
nickel-bearing  pyrrhotine  in  the  neighbourhood  of  certain  gabbro 
dykes.  Their  production  in  1876  was  9,320  tonnes  of  nickel  ore, 
containing  I'o  per  cent,  of  nickel,  worth  375,000  kroner,  or 
£20,833.  In  1879  it  only  amounted  to  420  tonnes,  worth  £777. 
In  1893  the  Ringerikes  mines  were  not  producers,  but  in  1892 
their  output  was  3/582  tonnes  of  ore  containing  1'8  per  cent. 
of  nickel.  Two  other  mines  produced  nickel  ore  in  1879,  namely  : 
Bamble,  300  tonnes,  worth  £770 ;  and  the  Senjen  Mine,  3,828 
tonnes,  worth  £5,000. 

A  nickel  mine,  formerly  of  great  importance,  is  that  of 
Espedalen,  near  the  town  of  Lillehaminer.  The  district  is  com- 
posed of  gabbro  and  amphibolite,  both  possessing  a  gneissic 
structure  and  containing,  in  fahlband-like  zones,  nickeliferous 
magnetic  pyrites  yielding  from  2  to  3  per  cent,  of  nickel,  with 
nickeliferous  iron  pyrites  containing  about  21  per  cent,  of  nickel 
with  a  little  copper. 

The  production  in  1876  was  2,250  tonnes  of  nickel  ore,  worth 
£4,722,  but  since  that  year  no  ores  have  been  raised  at  this  mine. 

The  production  of  nickel  ores  in  Norway  has  of  late  years  fallen 
off  considerably  ;  in  1876  the  total  yield  was  42,550  tonnes,  con- 
taining 332  tonnes  of  metallic  nickel,  worth  £143,333 ;  in  1879  it 
was  only  4,548  tonnes,  containing  46  tonnes  of  metallic  nickel, 
value  £15,861.  In  1893  ^  it  was  only  2,397  tonnes,  worth  only 
£1,320,  all  produced  from  the  Eoje  mines.  In  that  year,  however, 
there  were  6,500  tonnes  of  ore  smelted,  equivalent  to  113  tonnes 
of  metallic  nickel. 

Cobalt. — The  cobaltiferous  fahlbands  of  the  district  lying 
around  Skutterud  and  Snarum,  occur  in  crystalline  rocks  varying 
in  character  between  gneiss  and  mica  schist,  but,  from  the  presence 
of  hornblende,  they  sometimes  pass  into  hornblende  schists ;  among 
the  accessory  minerals  are  garnet,  tourmaline,  and  graphite.  These 
schists,  of  which  the  strike  is  north  and  south,  and  which  have  an 

^  Taheller  Vtdhommende  Norges  Bergvcerksdrift,  1882,  p.  19. 

"  T.  Scheerer,  Berg,  und  Hiittenm.  Ze.it.  1845,  p.  801. 

3  Tahtlkr  Vtdkommende  Norges  Bergvcerksdrift,  1896,  p.  11. 
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almost  perpendicular  dip,  contain  fahlbands  very  similar  in 
character  to  those  of  Kongsberg.  They  differ  from  those  of  that 
locality,  however,  inasmuch  as  while  here  the  fahlbands  are 
often  sufficiently  impregnated  with  ore  to  pay  for  working,  those 
of  Kongsberg,  although  to  some  extent  containing  disseminated 
sulphides,  are  only  of  importance  as  zones  of  enrichment  for  ores 
occurring  in  veins.  The  ore  zones  usually  follow  the  strike  and  dip 
of  the  surrounding  rocks,  and  vary  in  breadth  from  2h  to  C  fathoms. 
The  distribution  of  the  ores  is  by  no  means  equal,  since  richer 
and  poorer  layers  have  received  special  names  and  are  easily  re- 
cognised. The  Erzbandcr,  or  ore  bands,  are  distinguished  from  the 
Beicherzljdnder,  or  rich  ore  bands ;  while  the  bands  of  unproductive 
rock  are  known  as  Felshander .  The  predominant  rock  of  the 
fahlbands  is  a  quartzose  granular  mica  schist,  which  gradually 
passes  into  quartzite,  ordinary  mica  schist  or  gneiss.  The  ores 
worked  are  cobalt  glance,  arsenical  and  ordinary  pyrites  containing 
cobalt,  skutterudite,  magnetic  iron  pyrites,  copper  pyrites,  molyb- 
denite, and  galena.  It  is  remarkable  that  in  these  mines  nickel 
ores  do  not  accompany  the  ores  of  cobalt  in  any  appreciable 
quantity.  The  principal  fahlband  is  known  to  extend  for  a  dis- 
tance of  about  six  miles,  and  is  bounded  on  the  east  by  a  mass 
of  diorite  which  protrudes  into  the  fahlband,  while  extending 
from  the  diorite  are  small  dykes  or  branches  traversing  it 
in  a  zio^zag  course.  It  is  also  intersected  b}^  dykes  of  coarse- 
grained granite  wdiich  contain  no  ore,  but  which  penetrate  the 
diorite. 

The  Skutterud  Mine  in  1879  produced  7,700  tonnes  of  cobalt 
ore,  which  yielded  108  tonnes  of  cobalt  schlich,  containing  from  10 
to  11  per  cent,  of  cobalt,  and  Avorth  about  £11,000.  In  1888, 
5,540  tonnes  of  raw^  ore  were  produced,  and  8,-156  tonnes  in  1890. 
In  1893  the  production  w^as  123  tonnes  of  dressed  ore,  worth 
£2,472,  thus  showing  a  marked  falling  off  in  the  productiveness  of 
these  dejDosits. 

Iron. — The  rocks  in  the  vicinity  of  Arendal  ^  are  gneiss  and 
various  crystalline  schists,  Avhich  enclose  beds  of  limestone,  and 
often  pass  over  into  mica  schist  or  hornblende  schist.  These 
rocks  strike  north-east  and  south-west,  dip  at  a  considerable  angle 
south-west,  and  enclose  numerous  deposits  of  magnetite  more  or 
less  mixed  w^itli  specular  iron  ore,  in  a  belt  sixteen  miles  in 
leno-th,  parallel  with  the  coast,  and  extending  from  Oyestad  to 
Flackstad. 

1  T.  Kjerulf  and  Tellef  DaliU.  Xeues  Jahrh.  f.  Min.  1862,  pp.  557-581. 
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The  ore  masses  are  of  a  lenticular  form,  vary  from  6  to  60 
feet  in  thickness  and  from  250  to  600  feet  in  length,  and  are 
surrounded  by  a  peculiar  envelope,  consisting  of  a  mixture  of  the 
constituents  of  the  metalliferous  bed  and  of  the  country  rock,  the 
principal  minerals  being  mica,  hornblende,  epidote,  garnet,  calcite 
and  magnetite.  The  centre  of  the  bed  usually  consists  of  magnetite, 
which  is  sometimes  coarsely  granular,  but  is  always  accomiDanied 
by  augite,  hornblende,  garnet,  calcite,  and  the  constituents  of 
gneiss,  as  well  as  by  various  other  minerals.  These,  when 
crystallised,  have  rounded  faces,  a  peculiarity  frequent  with  crystals 
formed  in  granular  limestone.  A  somewhat  foliated  texture 
parallel  to  that  of  the  enclosing  rock,  and  representing  the 
longitudinal  extension  of  the  lenticular  masses,  is  often  to  be 
remarked.  A  great  variety  of  minerals  is  found  in  the  fissures 
which  traverse  the  ore  bed ;  among  these  may  be  mentioned 
stilbite,  datolite,  prehnite,  fluor  spar,  &c.  Granitic  veins,  contain- 
ing many  rare  minerals,  traverse  equally  the  ore  bed  and  the 
country  rock.  The  different  beds  have  very  different  forms,  and 
do  not  all  contain  the  same  minerals,  so  that  each  exhibits  distinct 
individual  peculiarities. 

Haussmann  states  that  these  deposits,  as  well  as  the  enclosing 
rocks,  are  traversed  by  three  distinct  vein  formations,  namely  :  by 
veins  whose  composition  is  similar  to  that  of  the  ore  deposit ;  by 
veins  composed  of  felspar  and  calc  sj)ar,  containing  titanite ;  and, 
lastly,  by  veins  of  coarsely  granular  granite. 

]SIo  returns  were  made  for  Arendal  in  1879,  and  in  that  year 
the  production  of  iron  ore  in  Norway  was  confined  to  the  Naes  and 
Egelands  Mines,  and  the  Fensgruberne  in  Holden,  producing,  re- 
spectively, 2,400  tonnes  and  5,660  tonnes  of  iron  ore,  worth 
£1,055  and  £2,500  and  employing  in  the  aggregate  thirty-eight 
miners. 

The  production  of  iron  ores  has  now  fallen  to  quite  insignificant 
dimensions,  competition  with  the  rich  and  abundant  Swedish 
deposits  being  apparently  impossible.  The  only  mine  that  produced 
any  ore  in  1893  was  that  of  Klodeberg,  with  an  output  of  800 
tonnes.  Vogt^  has  described  a  number  of  extensive  deposits  of 
iron  ores  in  Dunderlandsdal,  Nissedal  and  other  places,  which 
appear  only  to  await  an  economical  means  of  transport  to  become 
important  sources  of  iron  production. 

^  J.  H.  L.  Vogt.  "  Dunderlandsdalen  jei'nmalmfelt,"  Xonjes  Geo/ogi.iJce  Undtr- 
sotfefve,  No.  15  ;  "  Nissedalens  jermnalmforekomst,"  Ihid.  No.  17  ;  "  Om  dannelse 
af  jernmalmforekomster,"  Ihid. 
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General  Summary  of  the  Production  of  Metalliferous  Minerals  in 
Norway  during  the  Years  1879  and  1893. 

1879.1 


Description  of  Ore. 


Quantities. 


Values. 


Silver  ore 

Iron  ore     

Copper  ore    ..... 
Cupriferous  iron  pyrites 

Nickel  ore 

Cobalt  ore 

Zinc  and  lead  ore    .    . 


Tonnes. 

875 

8,060 

10,469 

50,318 

4,548 

108 

9 


Kroner. 

726,000 

64,000 

640,000 

1,395,700 

118,000 

200,000 

300 


Total  value  of  Metalliferous  minerals ) 


produced  in  1879 


/! 


3,144,000 


40,334 
3,556 

35,556 

77,539 
6,556 

11,112 
17 


£174,670 


1893.2 


Description  of  Ore. 


Quantities. 


Values.3 


Tonnes. 

Cobalt  ore  (dressed) 123 

Copper  ore 21,907 

Gold I  0-01043 

Iron  ore j       800 

Iron  pj'rites  (in  part  cupreous)   .  153,754 

Nickel  ore I   2,397 

Silver  and  silver  ore 890 

Rutile 7 


Kroner. 

45,000 

648,900 

22,000 

5,500 

704,000 

24,000 

433,500 

6,000 


Total  value  of  Metalliferous  minerals '\ 


produced  in  1893 


/ 


1,888,900 


£ 

2,472 

35,654 

1,209 

302 

38,681 

1,319 

23,819 

330 


£103,786 


Sweden. 

A  large  jDortion  of  the  surface  of  Sweden  is  composed  of 
crystalline  rocks,  such  as  granite,  gneiss,  porphyry,  &c.,  and  in 
these  the  most  important  metalliferous  deposits  have  been  discov- 
ered. The  crystalline  Primary  rocks  are,  generally  speaking, 
immediately  covered  by  beds  of  Quarternary  age,  and  a  very  small 
portion  only  of  the  intermediate  formations  is  represented.  Of 
these,  rocks  of  Silurian  age  occupy  the  largest  area.'* 

1  From  TaheUer  Vedkommende  Norges  BeryvmrJcsdrift,  Christiania,  1882. 

2  Ibid.  1896,  p.  2. 

^  Exchange  taken  at  18  "2  kroner  =  £1. 

■*  See  also  Ulndmtrie  Miniere  de  la  Suede,  by  Prof.  G.  Nordenstrom,  1883. 


PART  II  SWEDEN  531 

Gold. — No  true  gold  mines  exist  in  Sweden,  but  a  good  deal  of 
gold  is  obtained  from  the  Falun  copper  mines,  some  parts  of  which 
are  auriferous  and  occasionally  show  free  gold.  The  whole  of  the 
gold  production  for  1894,Mvhich  amounted  to  93"6  kilogr.,  was  from 
this  source  with  the  excej)tion  of  about  13  kilogr.  obtained  from 
the  Kafveltorp  lead-works.  The  gold  production  of  Sweden  was 
only  about  5  kilogr.  annually  from  1870  to  1880,  when  it 
commenced  to  rise,  and  has  averaged  a  little  over  90  kilogr.  since 
1890. 

Lead  and  Silvee. — The  argentiferous  lead  ores  of  Sala  in 
Vestmanland  occur  in  irregular  veins,  coursino-  through  o-ranular 
limestone,  and  are  more  or  less  mixed  with  such  minerals  as 
calcite,  chlorite,  talc,  sahlite,  epidote  and  actinolite.  They  are 
also  associated  with  layers  of  halleflinta  and  serpentine,  while 
quartz,  heavy  spar,  and  some  other  minerals  are  occasionally 
present.  The  galena  is  usually  accompanied  by  other  metallic 
sulphides,  such  as  iron  pyrites,  magnetic  pyrites,  blende,  geocronite, 
boulangerite,  and,  more  rareh',  with  stibnite,  mispickel,  &c.  The 
silver  usually  occurs  as  sulphide  in  the  form  of  argentiferous 
galena,  and  but  rarely  either  in  the  native  state  or  in  combination 
with,  other  metallic  elements,  although  specimens  of  native 
amalgam  are  known  to  have  been  found  at  Sala  about  two  hundred 
years  ago.  As  the  deposits  are  not  separated  from  the  enclosing 
rocks  by  well-defined  w^alls,  the  ores  are  often  disseminated 
tln-ough  the  surrounding  limestone,  or  infiltrated  into  its  fissures 
to  a  distance  of  several  fathoms  from  the  more  concentrated 
masses.  This  sometimes  takes  place  at  one  side,  and  sometimes 
on  the  other,  but  occasionally  on  both  sides  of  the  vein.  The 
disseminated  ore  gradually  decreases  in  quantity  as  a  greater 
distance  from  the  main  deposit  is  reached,  until  it  at  length 
becomes  too  poor  for  working,  and  gradually  passes  into  a  pure 
limestone  entirely  destitute  of  ore.  According  to  De  Launay  -  these 
deposits  are  not  veins,  but  form  a  series  of  irregular  masses  lu  a  bed 
of  dolomite,  although  lying  between  tw^o  vertical  Avails  and  thus 
resembling  veins ;  the  dolomites  are  traversed  by  fault  fissures  known 
as  skdlar,  which  are  filled  with  a  brecciated  mass  of  rocks  derived 
chiefly  from  their  own  walls,  together  with  a  number  of  other 
minerals,  some  of  which  are  metalliferous,  so  much  so  that  these 
fissures  have  been  compared  to  the  fahlbands  of  Kongsberg.  The 
line  of  mineral  deposits  follows  the  course  of  the  fissures,  the  maiu 

^  Bid  rag  till  Sveriges  Officiela  Statist  ih  (Bergshandteringen)  fdr  dr  1894,  p.  xiii. 
-  Fuchs  and  De  Launay,  Trmte  des  gites  mimrauxet  metalUfires,  ii.  p.  613. 
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direction  being  about  N.N.E. — S.S.W.  The  ore  as  mined  con- 
tains about  25  per  cent,  of  galena  rich  in  silver,  the  work  lead 
carrying  0'7  per  cent.  It  Avould  seem  that  these  deposits,  like  so 
many  silver  deposits  in  calcareous  rocks,  are  the  result  of  the 
metasomatic  action  of  mineralising  solutions,  which  penetrated 
the  rock  along  the  line  of  fracture  where  it  was  readily  permeable 
to  them.  The  old  mine  of  Sala  is  remarkable  as  having  been 
wrought  to  the  depth  of  165  fathoms  almost  entirely  without  the 
use  of  gunpowder,  the  primitive  method  of  fire-setting  being  con- 
tinued to  recent  times. 

Similar  deposits  are  found  at  Lofas  in  Dalecarlia,  and  Guld- 
medshyttan  in  Vestmanland,  where  lead  ores  occur  in  granular 
limestones  belonging  to  the  crystalline  slates.  The  jDroduction 
of  lead  and  silver  ore  at  Sala  during  the  ten  years  from  1870 
to  1879  inclusive  was  83,853  tonnes,  or  an  average  of  8,385 
tonnes  per  annum.^  In  1894  ^  this  mine  produced  7,316  tonnes  of 
crude  ore  ;  these  gave  5,014  tonnes  of  argentiferous  lead  ores, 
which  yielded  on  smelting  280  tonnes  of  lead,  2,506  kilogr.  of  bar 
silver  and  2,184  kilogr.  of  silver  precipitate  containing  7"84  per  cent, 
of  metal,  this  forming  the  bulk  of  the  silver  production  of  Sweden. 

The  Lofas  Mine,  which  is  fifty  fathoms  in  depth,  produced 
from  1870  to  1879,  729  tonnes  of  silver  lead  ore,  giving  an  annual 
average  of  73  tonnes.  It  does  not  appear  on  the  list  of  producers 
for  the  year  1894. 

Zinc. — The  most  important  zinc  mine  in  Sweden  is  that  of 
Ammeberg,^  which  lies  between  the  great  lakes  Wener  and  Wetter, 
and  belongs  to  the  famous  Belgian  company  La  Vieille  Montague. 
Here  a  remarkable  deposit  of  blende  occurs  in  banded  gneiss 
{hdllcflinta),  close  to  the  contact  of  this  rock  with  granite,  forming 
a  belt  250  fathoms  in  thickness,  which  can  be  followed  for  a  dis- 
tance of  nearly  two  miles  along  its  strike.  This  zone  is  composed 
of  a  gneiss,  consisting  of  a  mixture  of  gray  felspar  and  quartz,  with 
but  little  mica.  All  the  metamorphic  rocks  of  the  district  are  also 
traversed  by  eruptive  diorites,  with  the  existence  of  which  that  of  the 
ore  deposits  is  perhaps  genetically  connected.  The  deposit  of  blende 
has  a  very  varying  thickness,  dips  at  angles  of  from  70°  to  80°, 
and  consists  of  a  number  of  lenticular  masses  which  sometimes 

1  Jernkontorets  Annaler,  1883,  p.  32. 

-  Bidrag  till  Sverif/es  Officiela  Statixfik  (Berg--<ha)iflferigen)  fdr  dr  1894,  pp. 
11,  13. 

3  F.  M.  Stapff,  Berg,  und  HiUtmni.  Ztif.  1861,  p.  252;  B.  Turley,  Ihid.  18G6, 
p.  405. 
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attain  a  thickness  exceeding  twelve  fathoms.  In  many  places 
blende  can  be  seen  to  replace  the  mica  of  the  gneiss,  but  geodes 
of  ore  never  occur  in  these  deposits.  The  blende,  which  is  black 
to  yellowish  in  colour,  is  rarely  accompanied  by  galena,  but  more 
frequently  by  iron  pyrites  and  magnetic  pyrites.  The  other 
minerals  found  with  the  zinc  ore  are  amazonstone,  hornblende, 
talc,  chlorite,  garnet,  black  tourmaline  and  bitumen  ;  calc  spar  is 
rare,  and  neither  magnetite,  magnetic  pyrites,  nor  iron  pyrites  beds 
accompany  the  blende. 

The  present  depth  of  this  mine  is  58  fathoms,  and,  during  the 
period  1870  to  1879  inclusive,  it  produced  341,52-i  tonnes  of  zinc 
ore  and  14,439  tonnes  of  argentiferous  galena;  an  average, respec- 
tively, of  34,152  tonnes  of  zinc  ore,  and  1,444  tonnes  of  lead  ore, 
per  annum.^  In  1894  ^  the  total  amount  of  ore  raised  amounted 
to  54,563  tonnes,  which  yielded  42,912  tonnes  of  zinc  ore  and  536 
tonnes  of  galena.  The  above  forms  the  bulk  of  the  zinc  produc- 
tion of  Sweden,  which  averaged  47,000  tonnes  in  1898  and  1894, 
having  been  nearly  62,000  tonnes  in  1890. 

Copper. — The  well-known  coj)per  ore  deposit  of  Falun  ^  has 
been  worked  from  a  very  remote  period,  originally  as  an  open  cast, 
and  is  in  many  respects  comparable  with  the  huge  pyrites  deposits 
of  Huelva ;  according  to  some  authorities  it  is  probably  to  be 
regarded  as  a  bedded  deposit.  The  ores  are  associated  with  a 
massive  stratum  of  a  gray  sj^lintery  quartz,  which  is  enclosed  in 
mica  schist  rich  in  quartz  ;  the  schist  is  interstratified  in  the  gneiss. 
In  the  quartz  bed  small  quantities  of  the  alkalies  and  a  little 
alumina  have  been  found,  and  it  has  therefore  been  sometimes 
regarded  as  a  variety  of  halleflinta. 

The  so-called  concretions  form  lenticular  masses  generally 
running  parallel  to  the  stratification,  and  in  a  bed  which  con- 
tains enclosures  of  magnetite  and  pyrites,  there  are  lenticular 
masses  of  ore,  sometimes  attaining  a  thickness  of  above  thirty 
feet,  and  continuing  for  a  distance  of  100  feet  along  their  line  of 
strike.  These  masses  consist  principally  of  iron  pyrites,  mag- 
netic pyrites  and  copper  pyrites.  Thin  lamiuag  of  chlorite  and 
quartz  are  frequently  enclosed  in  the  mass,  but  blende  and  galena 
are  someAvhat  rare.  The  ore  masses  have  no  well-defined  bound- 
aries, but  pass  over  gradually  into  the  country  rock.     The  quartz 

1  Jernhontorets  Annaler,  1883,  p.  32. 

-  Bidrag  till  Sveriges  Officiela  StattstiJc  {Bergshandteringtn)  for  dr  1894,  pp. 
10,  xii. 

=*  F.  M.  Stapff,  Berg,  und  Hiittenm.  Ztit.  1861,  p.  195. 
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bed  is  intersected  in  various  directions  by  irregular  bands  oftalcose 
or  chloritic  rocks,  which  the  miners  call  sholar ;  these  enclose  fine 
crystals  of  magnetite,  gahnite,  garnet,  falunite,  &c.  Irregular 
pyritic  lenticules  are  enclosed  in  the  skolar,  their  principal  mass 
consisting  of  finely  granular  iron  pyrites  and  copper  pyrites  with 
in  places,  blende  and  galena.  Besides  ore  and  skolar  the  quartz 
bed  contains  diabase  and  limestone.  Hnrdmahn  (hard  ore)  is  the 
name  given  by  the  Falun  miners  to  the  ore  consisting  of  pyrites 
with  quartz ;  it  is  the  richest  in  copper  and  the  purest  variety  of  ore. 
Where  the  country  rock  is  impregnated  with  ore  the  mineral  from 
such  impregnations  bears  the  name  tvikmahn  (doubtful  ore),  be- 
cause from  mere  inspection  the  miners  are  unable  to  determine 
whether  it  can  be  worked  at  a  profit.  Ores  consisting  of  pure 
pyrites  are  termed  Uotmalm  (soft  ore),  and  are  very  similar  to  those 
of  the  Rammelsberg,  but  are  generally  more  crystalline.  Scgmalm 
(tough  ore)  is  a  mixture  of  pyrites  with  talc,  chlorite  and  black 
mica.  The  proportion  of  copper  in  the  pyrites  treated  varies  from 
1  to  2  per  cent.,  and  in  the  "  hard  ore  "  from  3  to  4  jser  cent.  Pro- 
fessor Eggertz  found  traces  of  gold  in  the  Falun  copper,  but  was 
unable  to  discover  from  which  particular  variety  of  ore  it  was 
derived.  This  mine,  which  is  194  fathoms  in  depth,  yielded, 
during  the  ten  years  immediately  preceding  1880,  an  average  of 
24,438  tonnes  of  cupriferous  pyrites  and  1,181  tonnes  of  iron 
pyrites  annually.^ 

According  to  Vogt,"-  it  has  produced  1,200,000  tonnes  of  copper, 
equal  to  85-40  millions  of  tonnes  of  ore,  since  the  year  1200 
and  now  produces  annually  about  500  tonnes  of  copper,  400  kilogr. 
'of  silver,  and  80  to  100  kilogr.  of  gold.  The  latter  occurs  chiefly 
in  veins  of  quartz  in  the  Hdrdmalm  in  a  working  known  as 
Minkas.  This  dej^osit,  like  the  majority  of  those  of  Scandinavia, 
Avould  appear  to  be  connected  genetically  with  certain  igneous 
rocks  (gabbro,  diorite  and  diabase)  that  traverse  the  metamorjjhic 
strata  in  its  vicinity.  In  this  respect  it  presents  marked  analogies 
with  the  deposits  at  Huelva,  and  other  similar  masses  of  pyritic 
ore.  Its  production  in  1894^  was  15,734  tonnes  of  copper  ore  and 
629  tonnes  of  iron  pyrites.  The  copper  ore  yielded  164  tonnes  of 
refined  copper,  and  255  kilogr.  of  silver,  besides  the  gold  already 
mentioned. 

^  Jernkontorets  Annaler,  1883,  p.  30. 
-  ZtiUch,  f.  Prakt.  Geologie,  1894,  p.  41. 

3  Bidrag  till  Sveriyes  Officiela  Statistik  (Bergshandteringen)  fdr  clr  1894,  pp. 
12,  13. 
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At  Tunaberg  the  ore  occurs  in  a  bed  of  granular  limestone  in 
gray  gneiss.  The  limestone  contains,  principally,  hornblende,  mica, 
serpentine,  lead,  silver,  cojDi^er  and  cobalt  ores,  copper  pyrites  and 
cobalt  glance  being  the  most  frequent. 

This  mine  is  98  fathoms  in  depth,  and  during  the  ten  years 
1871  to  1880  has  annually  produced  about  286  tonnes  of  copper 
ore.^ 

The  fahlbands  of  Areskuttan,  in  Jiimtland,  are  wrought  for 
copper  pyrites.  The  Loos  3fline,  on  the  road  from  Falun  to  Ares- 
kuttan, is  worked  on  masses  of  amphibolite,  which  are  enclosed  in 
mica  schists  and  quartz  beds.  The  amphibolite  contains  enclosures 
of  erubescite,  copper  pyrites,  iron  pyrites,  blende,  speiss  cobalt, 
cobalt  pyrites,  nickel  glance,  quartz,  calc  spar  and  anorthite. 

These  two  last-named  mines  do  not  figure  amongst  the  list  of 
producers  for  1894  ;  at  that  time  the  only  other  important  copper 
mines  were  the  Bersbo  Mine  at  Atvidaberg  and  Kafveltorp,^  both 
of  which  are  worked  on  deposits  somewhat  resembling  those  at 
Fahlun.  The  former  has  been  followed  down  to  a  grea.ter  depth 
than  any  other  in  Sweden ;  its  production  in  1894  was  8,126  tonnes 
of  copper  ore  which  yielded  133  tonnes  of  refined  copper,  together 
with  284  kilogr.  of  silver  precipitate,  containing  39  per  cent,  of 
metal.  The  latter  mine,  which  also  produces  a  coDsiderable  quan- 
tity of  argentiferous  galena,  produced  in  the  same  year  756  tonnes 
of  copper  ore,  which  yielded  53  tonnes  of  metal. 

Iron. — At  Dannemora,  in  Upland,  north  of  Upsala,  coarsely 
foliated  sfneiss  encloses  a  broad  zone  of  halleflinta  with  chloritic 
schist,  granular  limestone,  and  interstratified  beds  of  magnetic  iron 
ore.  The  latter  have  the  characteristic  lenticular  shape,  and  form 
a  huge  deposit,  which  has  been  worked  along  the  outcrop  for  a 
distance  of  more  than  a  mile.  This  deposit  is  in  the  middle  above 
180  feet  in  thickness,  but  gradually  decreases  on  both  sides.  The 
ore,  which  contains  manganese,  is  a  very  finely  granular  magnetite, 
mixed  with  particles  of  chlorite,  together  with  a  little  calc  spar  and 
brown  spar.  Bands  of  chloritic  slate,  shdlar,  up  to  twelve  feet  in 
thickness,  traverse  the  ore  deposits.  The  purest  magnetite 
occupies  the  middle  of  the  deposit,  while  near  the  edges  iron 
pyrites,  copper  pyrites,  blende,  galena,  arsenical  pyrites,  quartz, 
garnet,  asbestos,  heavy  spar,  anthracite,  &c.,  occur. 

The  mode  of  formation  of  this  deposit  is  doubtful;  it  may  have 
been  a  true  bed  of  spathic  ore  or  hasmatite,  deposited  as  such, 

1  Jernkoniorets  Annahr,  1883,  p.  32. 
"  Rid.  pp.  10,  13. 
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or  formed  epactically,  and  subsequently  metamorphosed  into 
magnetite,  along  with  the  country  rocks,  or  it  may  be  a  bedded 
vein,  whose  origin  is  connected  with  that  of  the  eruptive  rocks 
of  the  district.  Lofstrand  (quoted  by  Vogt  ^)  looks  upon  this  and 
similar  deposits  as  having  been  formed  by  magmatic  segregation 
from  acid  eruptive  rocks,  although  Vogt  himself  does  not  share 
this  view. 

This  mine  is  110  fathoms  in  depth,  and  during  the  ten  years  1871 
to  1880  has  annually  produced  about  35,300  tonnes  of  iron  ore.  ^ 

In  1894,  ^  the  mines  of  the  Dannemora  district  produced 
51,631  tonnes  out  of  a  total  of  62,971  tonnes  raised  in  the 
province  of  Upsala. 

At  Taberg,  near  Jonkoping  in  Smaland,  the  mountain  rises 
about  400  feet  above  the  surrounding  gneiss.  Opinions  have 
considerably  differed  with  regard  to  the  character  of  this  deposit, 
but  A.  Sjogren,'*  who  has  examined  a  number  or  sections  under  the 
microscope,  finds  that  the  entire  mountain  consists  of  a  granular 
crystalline  mixture  of  magnetite  and  olivine  with  some  plagioclase, 
mica,  and  apatite,  as  accessory  constituents ;  but  pyroxene 
and  hornblende  are  entirely  absent.  The  olivine  is  very  fresh, 
being  only  exceptionally  serpentinised. 

The  average  annual  production  of  iron  ore  at  Taberg  during 
the  ten  years  1871  to  1880  was  about  8,250  tonnes.  In  1894  ^ 
it  had  fallen  to  3,700  tonnes. 

The  beds  worked  in  Vermland  in  the  neighbourhoods  of 
Philippstadt,  Nordmark,  Lungbanhytta,  Pajsberg,  &c.,  are  very  ricli 
in  ore.  The  beds  of  Pajsberg  are  enclosed  in  crystalline  granular 
dolomites  from  20  to  100  fathoms  in  thickness;  these  dolomites 
contain  granular  concretions  of  hausmannite.''  The  beds,  which 
are  from  6  to  18  feet  in  thickness  and  are  continuous  for  about 
thirty  fathoms  along  their  strike,  consist  of  magnetite,  specular  iron 
ore  and  hausmannite,  together  with  pyrochroite,  tephroite, 
chondroarsenite,  heavy  spar,  diallogite,  asphaltum,  garnet,  chlorite, 
serpentine,    &c.     The    province    of   Vermland ''    produced    79,055 

^  J.  H.  L.  Vogt,  "  Beitriige  zur  genetisclien  classification  der  durch  Magma- 
tische  Differentiations-processe  vi.  durch  Pneumatolyse  entstandenen  Erzvorkoni- 
men,"  Zeitschf.  Prakt.  GeoL  1894,  p.  381. 

"^-JernhonforetfiAnnaler,  1883,  p.  32. 

^  Bidrag  till  Sveriges  Officiela  Statidik  {Bergshandteringen)  for  dr  1894,  p.  3. 

4  Jahrh.  f.  Min.  1876,  p.  434. 

•''  Bidrag  till  Sveriges  Officiela  Sfati>itih  {Bergshandteringen)  for  dr  1894,  p.  3. 

«  L.  J.  Igelstroin,  Berg,  und  Hiittenm.  Zeif.  1866,  p.  21. 

"  Bidrag  till  Sveriges  Officiela  Statidik  ( Bergshandteringen)  for  dr  1894,  p.  3. 


PART  II  SWEDEN  537 

tonnes  of  magnetite  and  4,175  tonnes  of  specular  ore  in 
1894. 

The  island  of  Uto,  a  few  miles  south  of  Stockholm,  consists 
largely  of  a  highly  felspathic  gneiss,  which  is  traversed  by 
numerous  veins  of  granite.  The  iron  ore  deposit,  which  is 
embedded  in  the  gneiss  and  its  associated  mica  slates,  hornblende 
slates,  halleflintas,  and  granular  limestones,  is  sometimes  as  much 
as  125  feet  in  thickness,  and  consists  of  a  mixture  of  specular 
iron  ore,  magnetic  iron  ore  and  quartz.  These  minerals  are 
accompanied  by  iron  pyrites,  magnetic  pyrites,  arsenical  pyrites, 
galena  and  chalcocite,  together  with  native  silver.  Granitic  veins, 
containing  cassiterite  with  tourmaline,  lepidolite,  petalite,  &c., 
traverse  the  bed,  in  the  fissures  of  which  crystals  of  calc  sj)ar, 
apophyllite,  and  quartz  are  found.  The  depth  of  the  workings 
is  120  fathoms,  and  the  average  annual  output  of  iron  ore  was 
about  10,300  tonnes  in  the  decade  1870  to  1879. 

The  iron  ore  deposits  of  the  montain  of  Gellivai'a,  ^  in  Lulea- 
Lappmark,  are  exceedingly  rich,  but  on  account  of  their 
geographical  position,  latitude  67°  20'  N.,  have  only  recently — 
since  about  1892 — attained  to  any  practical  importance.  In  1894 
they  furnished  more  than  a  third  of  the  entire  production  of 
Sweden. 

The  beds  attain  a  thickness  varying  from  60  to  125  feet, 
and  may  be  traced  for  a  distance  of  nearly  four  miles  along  their 
strike.  They  occur  in  red  gneiss,  and  consist  of  a  mixture  of 
specular  iron  ore  and  magnetite,  containing  hornblende  and  quartz  ; 
more  rarely  apatite,  calc  spar,  and  corundum.^  The  ores  are  of 
two  grades,  nonphosj)horic  and  phosphoric,  the  latter  due  to  an 
admixture  of  apatite.  They  are  said  by  Swedish  engineers  to 
occur  as  lodes  in  metamorphic  rocks.  It  is  chiefly  due  to  the 
opening  up  of  these  mines  that  the  exports  of  Swedish  iron  ore 
rose  from  174,148  tons  in  1891  to  447,931  tons  in  1893.  In  1894  -- 
Gellivara  produced  655,401  tonnes  of  mangnatite,  almost  entirely 
from  open  workings. 

Lake  ores  *  are  found  in  many  of  the  Scandinavian  lakes,  most 
frequently  in  Smaland,  Southern  Oestergotland,  North-western 
Dalarne,  in  Herjeadalen,  in  parts  of  Jiimtland,  in  the  whole   of 

1  Jernkontorets  Annaler,  1883,  p.  32  ;  B.  Tuiiej^  Btrrj.  unci  Hilttenm.  Zeit. 
1863,  p.  .348. 

-  J.  Head,"  Scandinavia  as  a  source  of  iron  ore  supply,"  Journ.  Iron  and  Steel 
Inst.  1894,  i.  p.  52. 

3  Bidrag  till  Sverirjes  Officiela  Statisfik  {BergshandteriHgen)  fdr  dr  1894,  p.  7. 

*  F.  M.  Stapff,  Zeit.  d.  d.  geol.  GeseJIsrh,  xviii.  1866,  p.  86. 
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Norrland,  and  more  rarely  in  Helsingland,  Gastrikland,  Southeru 
Dalarne,  and  Yermland.  In  some  provinces,  however,  as  in 
Upland,  Sodermanland,  Westergotland,  &c.,  they  are  entirely 
absent.  Abundance  of  fuel  and  the  absence  of  other  ore  is  the 
chief  reason  why  in  some  provinces  these  ores  have  been  better 
investigated  and  more  extensively  worked  than  in  others.  The 
districts  richest  in  such  ores  have  a  sandy  soil,  and  are  more  or  less 
covered  by  forests  and  peat  bogs.  Stapff  is  of  opinion  that  lake  iron 
ore  is  formed  in  the  same  way  as  bog  iron  ore  (see  page  36),  and  he 
points  out  that  in  the  lake  of  Tisken,  near  Falun,  the  water  from  the 
mine  and  from  the  slag  heaps  has  deposited  a  bed  of  ochre  extending 
over  the  entire  bottom  of  the  lake  within  a  period  of  about  600 
years  ;  this  bed  is  in  places  above  ten  feet  in  thickness.  Lake  ores 
when  first  collected  are  blackish-gray,  brownish,  or  greenish 
ochre-like  slimes ;  on  hardening,  however,  little  globular  masses 
analogous  to  those  of  oolitic  iron  ores  are  otten  formed. 

The  production  of  these  ores  fluctuates  within  wide  limits ;  in 

1893  ^  it  w^as  2,275  tonnes,  and  in  1894  only  689  tonnes,  practically 
the  whole  of  Avhich  was  obtained  in  the  provinces  of  Jonkoping. 

According  to  G.  Nordenstrom  -  the  production  of  iron  ores  in 
Sweden  was  84,500  tonnes  in  1730,  180,000  in  1800,  254,627  in 
1835,  280,180  in  1850,  806,000  in  1881 ;  in  the  last-named  year 
iron  ore  was  raised  in  thirteen  of  the  twenty-four  provinces.  The 
largest  amount  was  j)roduced  in  the  province  of  Orebro,  whose  362 
mines  furnished  220,000  tonnes ;  next  came  Kopparberg  with  181 
mines,  yielding  210,000  tonnes,  and  Vestmanland  producing 
170,000  tonnes  from  57  miues.^ 

The  following   table    shows  the    production   by   provinces    in 

1894  :— 4 

Prrn-inee.                          No.  of  Mines.  Iron  Ore. 

Tonnes. 

Stockholm 9  19,854 

Upsala 21  62,971 

Sodermanland    ....  11  27,262 

Ostergotland 1  3,532 

Jonkoping 3  2,700 

Vermland 39  83,230 

Orebro 92  298,654 

Vestmanland      ....  59  209,562 

Kopparberg 75  547,911 

Getieborg 6  12,686 

Norrbotten 10  658,161 

Totals 326  1,926,523 

^  Bidrag  till  Sveriges  Officiela  Statistik  (Bergshandteringen)  for  dr  1894,  p.  viii. 

-  Journ.  Iron  and  Steel  Inat.  1894,  ii.  p,  526. 

3  /ro??.,  1883,  xxi.  p.  414.  •*  /te^.  p.  3.     {=  Bidrag,  etc.) 
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To  the  above  figure  must  be  added  the  689  tonnes  of  lake  ores, 
making  the  total  production  1,927,212  tonnes.  Of  the  former 
total,  85'4  per  cent,  or  1,644,328  tonnes  were  magnetite,  and  14*6 
per  cent,  or  282,195  tonnes  were  red  haematite.  It  may  also  be 
noted  that  only  1,915,175  tonnes  were  obtained  by  mining,  the 
balance,  or  11,348  tonnes,  having  been  produced  by  the  dressing  of 
old  spoil-heaps.^ 

During  ten  years,  1870  to  1879,  the  average  annual  production 
of  metalliferous  minerals  in  Sweden  was  as  follows: — ^ 

Tonnes. 

T  ( mine 748,427 

Iron   ore   -'      ,  ^  .  r.  r^-^ 

[lake  and  bog        ...  8,8/2 

Copper  ore 40,638 

Zinc  ore 34,718 

Silver  and  lead  ore 11,010 

Nickel  ore 4,319 

Iron  pyrites 1,517 

Manganese  ore 538 

Cobalt  ore 153 

Total  .     .     .  850,192 

The  production  of  ores  in  1894  was  : — ^ 

Tonnes. 

Iron  ores 1,927,212 

Argentiferous  lead  ores      ....  14.82.5 

Copper  ores 25,710 

Zinc  ores 47,029 

Manganese  ore 3,359 

Iron  pyrites 656 

In  that  year  the  following  amounts  of  metals  were  produced  in 
Sweden,  all  of  them  from  ores  raised  in  the  country  : — 

Pig;  iron 462,809    tonnes 

Wrouo-ht  iron  and  steel  billets,  &c.    .     .  373,257  „ 

Manufactured  iron 286,302  „ 

Copper 350  „ 

Lead 830 

Gold 93-6  kilogr. 

Silver 2,870 

1  Note  from  Prof.  G.  Norclenstrom. 
-  Jernkoniorets  Annaler,  1883,  p.  32. 

■*  Bidray  till  Sveriges  Officiela  Statistik  {Bery.-ihandterivyen)  for  dr  1894,  pp. 
3-13. 
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THE  RUSSIAN  EMPIRE. 

European  Russia  consists  of  an  immense  expanse  of  plain 
flanked  by  the  mountain  ranges  of  the  Timan,  the  Ural,  and  the 
Caucasus,  almost  entirely  composed  of  sedimentary  rocks,  which 
are  frequently  covered  by  thick  alluvial  deposits. 

Great  regularity  predominates  in  the  structure  of  these  forma- 
tions, ore  deposits  occurring  chiefly  in  areas  occupied  b}^  the  older 
rocks,  as  in  the  district  of  Olonetz,  St.  Petersburg,  and  in  the 
south  of  Russia.  Devonian  rocks  form  a  large  basin  in  Central . 
Russia,  and  in  Poland  contain  deposits  of  copper.  Iron  ore  occurs 
in  the  Carboniferous  rocks  of  Poland,  and  copper  ore  is  found  at 
various  places  in  rocks  of  Permian  age.  The  Triassic  rocks  of 
Poland  are  analogous  to  those  of  Upper  Silesia  and,  like  them, 
contain  deposits  of  calamine,  galena,  and  iron  ore. 

The  principal  metals  produced  in  Russia  are  gold,  platinum, 
silver,  copper,  lead,  zinc,  manganese,  and  iron ;  tin,  nickel  and 
cobalt  also  occur  in  very  subordinate  quantities.  The  chief  sources 
of  the  more  valuable  metals  are  the  mountain  chains  of  the  Ural 
and  the  Altai,  particularly  the  former.  Copper  is  found  not  only 
in  those  regions,  but  also  in  the  Caucasus,  in  Finland  and  in  the 
Kirghese  region.  Iron  occurs  abundantly  in  the  Ural  Mountains, 
in  portions  of  the  Altai,  and  in  some  of  the  southern  and  central 
parts  of  the  empire,  also  in  Poland,  Finland  and  the  north. 
The  zinc  deposits  of  Poland  Avere  about  1880  among  the  most 
productive  in  Europe.  Since  1886  the  manganese  ores  of  the 
Caucasus  have  been  one  of  the  world's  chief  sources  of  supply. 

Mining  had  not  assumed  an  important  position  among  the 
industries  of  Russia  until  about  the  year  1700,  from  which  period 
until  the  reign  of  Elizabeth  its  development  progressed  very 
rapidly.  Towards  the  latter  half  of  the  last  century,  however,  a 
depression  commenced  in  this  class  of  industry,  which,  after 
extending  over  several  3^ears,  has  of  late  shown  marked  indications 
of  improvement.^ 

Ural  Mountains, — From  a  geological  point  of  view  the  western 
and  eastern  declivities  of  the  Ural  chain  differ  very  considerably. 

^  Apercu  des  Biches-ses  Minerahs  de  la  Bussie  d^Eiiro2je  jmhlie  par  h  Departe- 
ment  des  Mines  dti  Ministere  du  Domahie  de  I'Etaf,  Paris,  1878  ;  C.  Skalkowsky, 
Tahhanx  Statisques  de  VIndustrie  des  Mines  en  Russie  en  1868-1876  ;  J.  D. 
Hague,  Mining  Industries,  1878,  p.  247- 
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The  western  slopes  are  formed  by  hills  parallel  to  the  j^i'incipal 
axis  of  the  chain,  gi*adually  lowering  towards  the  plains.  These 
hills  are  composed  of  sedimentary  rocks  in  which,  especially  near 
the  principal  axis  of  the  range,  are  enclosed  masses  of  granite, 
diabase,  and  diorite  ;  in  proportion  as  these  disappear  the  beds 
become  less  disturbed,  and  gradually  attain  excejjtional  regularity 
as  they  approach  the  lowlands  of  the  west. 

The  eastern  side  of  the  range  is  entirely  different,  becoming,  at 
a  relatively  small  distance  from  the  axis,  flat  and  uniform,  the 
mountain  sides  being  formed  almost  entirely  of  plutonic  rocks 
enclosing  embedded  fragments  of  sedimentary  strata.  Faults  and 
slides  are  of  frequent  occurrence  both  in  the  mountains  and  in  the 
flat  country  as  far  as  the  eruptive  rocks  extend. 

A  geological  map  of  the  Avestern  slope  of  the  Ural  exhibits 
Silurian,  Devonian,  Carboniferous  and  Permian  rocks,  arranged 
as  more  or  less  parallel  bands.  On  the  eastern  side  of  the  chain 
the  rocks  also  exhibit  parallel  bands,  but  they  are  very  much 
contorted  and  confused.  An  area  of  Permian  rocks,  of  considerable 
thickness  and  extent,  overlies  the  Carboniferous  strata  of  the 
western  slope,  w^hilc  on  the  eastern  side  Carboniferous,  or  still 
older,  strata  are  overlain  by  Tertiary  or  Post-Tertiary  rocks  ex- 
tending over  the  immense  steppes  of  Siberia.  Cretaceous  strata 
occur  in  the  southern  portion  of  the  chain,  while  a  large  number 
of  quartz  veins,  some  of  which  contain  gold,  are  met  wdth  in  the 
south-eastern  slope. 

The  gold  of  the  Ural  Mountains  occurs  under  two  distinct 
conditions,  namely,  in  original  deposits,  and  in  detrital  beds  of 
auriferous  sands.  In  original  deposits  the  gold  may  either  be 
enclosed  in  quartzose  veins,  or  be  disseminated  in  various  rocks. 
Beds  of  auriferous  sands  may  be  deposited  either  near  the  original 
sources  of  the  gold,  or  have  been  transported  by  the  action  of 
water  and  accumulated  at  a  considerable  distance  from  them. 

Deposits  of  gold  enclosed  in  solid  rock  are  worked  in  the 
district  of  Beresovsk  in  the  southern  Ural,  and  in  the  districts  of 
Werkh-Issetsk,  Newiansk,  and  Goroblagodatsk.  Other  deposits 
which,  like  the  above,  principally  occur  in  Asia,  have  also  been 
worked. 

The  Beresovsk  veins  are  especially  interesting  on  account  of 
the  influence  exercised  upon  them  by  the  country  rock.  In  this 
locality  the  crystalline  schists  are  traversed  by  dykes  of  finely 
granular  granite,  and  it  is  only  in  the  vicinity  of  these  that  the 
quartz  veins  are  found  productive.    The  granite  near  the  auriferous 
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veins  is  impregnated  with  iron  pyrites  wliicli  has  become  partially 
converted  into  brown  iron  ore ;  this  variety  of  granite  has  received 
the  name  of  "  beresite."  The  average  yield  of  the  quartz  veins 
which  have  been  Avorked  is  thirteen  grammes,  or  about  eight 
jDenny weights,  to  the  tonne.  The  gold  is  accompanied  by  iron 
pyrites,  galena,  grey  copper,  plumosite,  brown  haematite,  crocoisite, 
pyromorphite,  vauquelinite,  bismuth  ochre,  and  native  silver.  A 
large  number  of  gold  deposits  belonging  to  this  class  doubtless 
exist  in  the  Ural,  but  a  relatively  small  number  only  have  been 
worked. 

In  auriferous  sands  the  gold  occurs  in  fine  particles  which 
can  rarely  be  detected  by  the  naked  eye.  These  sands  are 
accumulated  in  beds  varying  from  the  thinnest  layer  to  above 
twelve  feet ;  their  ordinary  thickness  is,  however,  between  eighteen 
inches  and  three  feet.  Their  extent  is  as  variable  as  their  thick- 
ness, but  their  length  rarely  exceeds  1,500  feet.  The  auriferous 
bed  of  Balbouk  is,  however,  about  two  miles  in  length,  while  the 
longitudinal  extent  of  another  deposit  exceeds  three  and  a  half 
miles.  The  width  of  such  accumulations  is  sometimes  very  small 
but,  generally  speaking,  varies  between  60  and  300  feet.  The 
auriferous  detritus  of  the  Ural  is  usually  found  either  in  valleys 
or  the  beds  of  streams  or  rivers,  and,  besides  yielding  gold  in  the 
form  of  dust  or  fine  grains,  sometimes  furnishes  nuggets  of  con- 
siderable size,  the  largest  of  which,  weighing  1,158  troy  ounces, 
was  found  in  the  district  of  Miask.  The  rocks  underlying  these 
deposits  are  of  various  kinds,  including  granite,  gneiss,  beresite, 
augite-porphyry,  serpentine,  chlorite  schist,  talc  schist,  clay  slate, 
limestone,  &c.,  and  wherever  a  depression  occurs  in  the  surface  of 
the  bed-rock  the  proportion  of  gold  increases.  These  beds,  which 
are  mainly  composed  of  gravel,  sand,  and  clay,  associated  with 
water-worn  fragments  of  various  rocks,  contain,  in  addition  to 
native  gold,  platinum,  iridium,  palladium,  iridosmine,  titaniferous 
iron  ore,  iron  pyrites,  garnet,  zircon,  diamond,  and  many  other 
minerals.  Wherever  magnetic  iron  occurs  to  any  large  extent  the 
percentage  of  gold  in  the  sand  almost  invariably  becomes  greater. 
The  age  of  these  alluvial  beds  is  comparatively  recent,  since 
remains  of  Mejjhas  jynmigenius  and  Bhinoceros  ticiiorhinus  have  at 
various  times  been  found  in  them. 

Vein  mining  is  still  carried  on  in  the  Urals,  although  upon  a 
somewhat  limited  scale,  the  district  of  Beresovsk,  in  which  veins 
of  gold-bearing  quartz  have  long  been  worked,  being  still  the 
principal  centre  for  this  class  of  mining.     Since  1886  the  produc- 
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tion  of  reef  gold  in  the  Urals  has  increased,  but  has  correspondingly 
diminished  in  Siberia. 

It  appears,  from  official  returns  relating  to  the  placers  of  the 
Ural  Mountains,  that  5,300  kilogr.  of  gold,  equivalent  to  170,400 
oz.  troy,  were  obtained  in  1875  from  4,240,000  tonnes  of  auriferous 
sand,  which  corresponds  to  about  twenty  grains  of  gold  per  tonne 
of  material  washed. 

Almost  the  whole  of  the  gold  produced  in  the  Russian  Empire 
is  obtained  by  placer  mining.  In  1890,  reef  gold  formed  only 
7  per  cent,  of  the  total  output  of  Russia,  and  of  this  amount 
^6  per  cent,  came  from  the  Urals  and  only  14  per  cent,  from 
Siberia.  The  total  yield  from  the  year  1753,  when  gold  washing 
was  first  commenced,  to  the  end  of  1876,  amounted  to  31,427,681 
oz.,  of  the  approximate  value  of  £128,000,000. 

The  annual  production  of  gold  in  Russia  from  the  beginnino-  of 
1867  to  the  end  of  1877  is  given  in  the  following  table : — 


Year, 

Number 

of 
Workings 

Quantity  of  Sand  and  Material 
waslied. 

Quantity  of  Gold 
extracted. 

Apin-oximate 
Value  of 
Product. 

j 

Poods. 

Tons. 

Poods. 

Oz. 

£ 

1867 

878 

968,423,325 

15,607,179 

1,650 

868,656 

3,648,355 

1868 

993 

1,177,288,244 

18,973,261 

1,711 

900,768 

3,783,225 

1869 

1,129 

1,054,570,392 

16,995,531 

2,007 

1,056,591 

4,437,682 

1870 

1,208 

983,475,095 

15,849,754 

2,157 

1,135,560 

4,769,352 

1871 

978 

1,081,518,424 

17,429,828 

2,400 

1,263,500 

5,306,700 

1872 

1,055 

1,044,027,585 

16,825,623 

2,331 

1,227,172 

5,154,122 

1873 

1,018 

954,648,764 

15,385,187 

2,025 

1,066,070 

4,477,494 

1874 

1,035 

937,578,045 

15,110,074 

2,027 

1,067,120 

4,481,904 

1875 

1,092 

1,007,293,492 

16,233,613 

1,996 

1,050,802 

4,413,368 

1876 

1,130 

1,022,543,362 

16,479,381 

2,054 

1,081,339 

4,541,623 

1877 

~ 

~ 

~ 

2,430 

1,279,293 

5,373,030 

i 

The  following  table  ^  shows  the   production  of  rough  gold  in 
Russia  during  more  recent  years  : — 

Ounces. 

1879 1,386,000 

1880 1,391,500 

1881 1,181,850 

1882 1,162,500 

1883 1,149,400 

1884 1,147,300 

1  Zeitsch.f.  Pralct.  Geol.  1894.  F.  Posepny,  "  Golddistricte  von  Berezov  und 
Mias,"  ArcUv.  f.  Prali.  Geol.  ii.  1895,  p.  510.  The  Mineral  Indmtry,  iii.  1894, 
p.  590. 
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1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 


Ounces. 

1,061,500 
1,075,450 
1,120,800 
1,180,650 
1,197,900 
1,265,400 
1,254,550 
1,369,900 
1,382,600 


This  rough  gold  is  sent  to  a  Government  melting  office ;  on 
the  average  it  produces  about  95  per  cent,  of  bar  gold,  900  per 
mil.  fine. 

Of  the  above  amounts  Siberia  furnished  the  largest  proportion, 
the  remainder  coming  from  the  districts  of  Perm  and  Orenburg  in 
European  Russia,  supplemented  by  small  contributions  from  Fin- 
land and  the  district  of  the  Kirghese.  ImjDortant  concessions  on 
the  part  of  the  Government  have,  of  recent  years,  conferred 
additional  advantage  upon  private  mine  owners,  and,  under  these 
new  conditions,  out  of  the  2,430  jooods  of  gold  produced  in  1877 
no  less  than  2,275  came  from  private  undertakings,  and  only  15 
poods  from  the  mines  of  the  Crown  and  State. 

During  the  last  ten  years  the  production  has  been  distributed 
as  follows : — 

Per  cent. 

Eastern  Siberia       67*6 

Urals 25-7 

Western  Siberia 6 '6 

Finland.  &c O'l 


100-0 


The  chief  districts  ^  in  Eastern  Siberia  are  the  Amur  district, 
which  produced  about  240,000  oz.  in  1890,  and  seems  to  be 
still  increasing  its  output ;  Yeniseisk,  which  has  fallen  off  some- 
what of  late,  producing  about  100,000  oz.  ;  and  Transbaikal  and 
Yakutsk,  especially  in  the  valley  of  the  Lena,  where  some  of 
the  richest  placers  exist ;  in  the  above  year  this  river  produced  at 
the  rate  of  about  260,000  oz.  In  Western  Siberia  the  Govern- 
ments of  Semipalatinsk  and  Akmolinsk,   and   in  the   Urals   the 


The  Mintral  Industry,  1894,  loc.  dt. 
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districts  of  Mias  and  Berezov  are  the  chief  producers.  Gold  placers 
were  worked  in  the  Caucasus  in  1875,  but  were  abandoned  ;  a 
vein  of  gold  quartz  is,  however,  said  to  have  been  discovered  and 
opened  up  in  Nagoltchik  in  1895. 

According  to  Posepny  {lac.  cit.)  the  average  richness  of  the 
Berezov  mines  is  about  12  grammes  of  gold  to  the  tonne  (about 
8  dwt.  to  the  ton)  ;  the  prevailing  direction  of  the  veins  is  north 
and  south  and  they  are  connected  with  the  existence  of  masses  of 
eruptive  beresite  or  quartz  porpliyry ;  and  it  is  only  exceptionally 
that  they  continue  into  the  slates  through  which  these  eruptive 
rocks  have  j)enetrated.  He  looks  upon  the  fissures  as  having 
been  formed  by  the  contraction  of  the  eruptive  masses,  and  holds 
that  the  gold  was  brought  in  by  solutions  that  penetrated  wherever 
they  found  space,  and  which  have  also  mineralised  to  a  small 
extent  many  of  the  rocks  in  the  immediate  neighbourhood  of  the 
mines,  such  as  granite,  beresite,  serpentine,  and  diorite,  all  of 
which  carry  small  amounts  of  gold.  In  the  Mias  district  the  gold 
veins  occur  chiefly  in  greenstone  dykes  and  in  the  metamorphic 
rocks  in  their  immediate  neighbourhood,  whilst  serpentine  often 
occurs  in  company  with  the  greenstone.  The  average  richness  of 
the  Ural  gold  quartz  is  said  ^  to  be  about  2"75  oz.  to  the  ton, 
whilst  the  placer  sands  have  averaged  0'4  oz.  to  the  ton.  In 
Western  Siberia  the  sands  average  0.27  oz.  to  the  ton,  whilst 
the  richness  of  the  sands  in  the  various  districts  of  Eastern  Siberia 
is  as  follows  : — 

Ounces  per  ton. 

Yenisseisk 0'24 

Yakutsk 0-82 

Transbaikal .  0-40 

Amur 1-80 

Coast 0-40 

The  total  gold  output  for  1894  is  given  as  1,337,600  oz. 

Platinum  usually  accompanies  gold  in  the  auriferous  sands 
of  the  Ural,  and  is  not  often  met  with  otherwise  than  in  association 
with  that  metal ;  it  has,  however,  in  some  few  cases,  been  found 
without  any  accompanying  gold,  as  in  the  placers  of  Taguilsk, 
Goroblagodatsk,  and  Bisersk.  It  has  rarely  been  found  in  any 
considerable  quantities  in  its  matrix  in  situ,  although  small  grains 
of  platinum  are  said  to   have   been  occasionally  observed  in  the 

1  The  Mineral  Imlmtry,  iii.  1894,  p.  591. 
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auriferous  quartz  of  the  Beresovsk  mines.  It  has  recently  been 
found  in  serpentine  at  Goroblagodatsk  (see  p.  186).  The  entire  pro- 
duction of  this  metal  is  obtained  from  jjlacer  washings  belonging 
to  private  individuals,  situated  in  the  northern  jjortion  of  the 
Government  of  Perm.  At  Taguilsk  and  Bisersk,  where  the 
deposits  yield  jjlatinum  usually  unaccompanied  by  gold,  the  bed 
and  edges  of  the  platiniferous  area  are  described  as  being  formed 
of  serpentine  and  peridotite,  fragments  of  which  predominate 
among  the  rocks  occurring  in  the  sand.  Among  the  materials 
forming  the  deposit  are  also  fragments  of  talcose  and  chloritic 
schists,  together  with  chrome  iron  ore,  and  a  conglomerate  com- 
posed of  serpentine,  peridotite  and  chromite,  united  by  a  calcareous 
cement. 

From  the  occasional  occurrence  of  grains  of  platinum  in  frag- 
ments of  serpentine  and  peridotite,  the  alteration  of  which  last- 
named  rock  is  believed  sometimes  to  result  in  the  formation  of 
serpentine,  it  is  generally  supposed  that  that  metal  originally 
existed  in  the  forixi  of  particles  disseminated  through  rocks  belong- 
ing to  this  class.  This  view  relative  to  the  original  source  of 
platinum  would  appear  to  be  corroborated  by  the  fact  that,  in  the 
district  of  Miask  and  in  other  localities  where  platinum  is  found 
in  auriferous  sands,  those  portions  of  the  doposit  which  rest  on 
serpentinous  rocks  are  always  most  productive  of  this  metal.  It  has 
also  been  observed  that  the  auriferous  sands  of  the  river  Mias 
contain  platinum  so  long  as  its  waters  flow  over  serpentinous  rocks, 
but  that,  below  them,  the  platinum  gradually  diminishes  in  quantity 
and  finally  disappears.  Platinum  is  usually  accompanied  by  gold, 
chrome  iron  ore,  iridium,  and  iridosmine ;  and,  although  generally 
occurring  in  small  fragments,  is  sometimes  found  in  the  form  of 
nuggets  of  considerable  size,  the  largest  of  these  yet  found  weighing 
about  22  lbs.  The  average  yield  of  platiniferous  sands  varies  from 
4i  to  G  dwt.  of  platinum  per  tonne,  but,  in  exceptional  cases,  it  has 
been  known  to  afford  as  much  as  1|  oz.  per  tonne.  Platinum  was 
first  discovered  in  the  Nijne-Taguilsk  district  in  1825,  and  from 
that  date  to  1892  the  production  amounted  to  8,640,000  oz.  ^ 
(113,211  kilogr.). 

The  production  of  platinum  in  Russia  during  the  ten  years 
ending  December  1876,  amounted  to  590,296  oz.  troy,  equal  to  an 
average  annual  yield  of  59,030  oz.  The  average  quantity  of  this 
metal  annually  produced  in  the  Ural  district,  about  18S0,  is 
estimated  at  about  58,000  oz. 

1  The  Mineral  Indmtry,  1894,  p.  596. 
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The  following  table  ^  shows  its  rate  of  production  : — 

kilogr. 

18G2 2,325  crude  platinum 

1872 1,381 

1882 4,084 

1888 2,717 

1889 2,636 

1890 2,833 

1891 4,242 

1892 4,410 

The  amount  produced  in  the  last-named  year  was  obtained  by 
the  treatment  of  about  1,350,000  tonnes  of  sand,  containing  on  an 
average  3-3  grams  of  platinum  per  tonne. 

No  silver  or  lead  mines  appear  to  be  at  present  worked  in  the 
Urals,  the  principal  supply  of  these  metals  coming  from  Siberia. 
A  quartz  lode  at  Ekaterinenburg,  running  south-east  and  north- 
west, and  traversing  a  dyke  of  beresite  enclosed  in  talc  schists  and 
clay  slates,  is  known  to  be  argentiferous.  This  vein  contains, 
near  the  surface,  brown  haematite,  azurite,  ceriissite,  pyromorphite, 
crocoisite,  native  silver,  and  stephanite ;  while  at  greater  depths 
iron  pyrites,  galena,  and  grey  copper  ore  make  their  appearance. 
More  or  less  galena  also  frequently  occurs  in  the  veins  of  auriferous 
quartz ;  but  true  deposits  of  lead  ore  occur  in  the  Alapaewsk 
district,  where  cerussite,  associated  with  brown  haematite,  forms 
nests  in  a  brownish  clay.  In  the  Slatoust  district  galena  is  found 
in  quartz  veins  traversing  Silurian  limestone.  No  returns  of 
silver  or  lead  from  the  Ural  Mountains  are  included  in  the  official 
statistics  for  1876. 

The  occurrence  of  occasional  pebbles  of  cinnabar  among  the 
auriferous  sands  of  the  Urals,  renders  it  not  improbable  that  deposits 
of  that  mineral  may,  at  some  future  period,  be  discovered. 

Among  numerous  other  copper  deposits,  some  of  which  have 
been  but  imperfectly  examined,  is  the  celebrated  cupriferous  mass 
of  Miednoroudiansk,  in  the  district  of  Nijne-Taguilsk,  where  a 
nietamorphic  schist  containing  the  ore  is  enclosed  in  limestones 
belonging  to  the  Upper  Silurian  formation.  The  beds  course  N. 
20'  E.  and  dip  7°  S.E.,  but  their  continuity  and  regularity  are  much 
interfered  with  by  the  occurrence  of  numerous  faults, 

^  De  Launay,  Statistique  de  la  Production  des  Gites  Metalliferes,  p  186. 
C  Le  Neve  Foster,  First  Animal  Gtneral  Kejtort  ujjon  the  Mineral  Indu-sfry  of 
the  United  Kingdom,  1895,  p.  87. 
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In  the  lower  horizons  these  rocks  are  comparatively  little 
altered,  and  contain,  principally,  iron  and  copper  pyrites  ;  while,  in 
the  upper,  the  rock  contains  oxidised  minerals,  and  is  transformed 
into  a  clayey  ferruginous  mass.  In  this  part  of  the  deposit,  which 
is  a  true  gossan,  are  found  cuprite,  malachite,  azurite,  magnetic 
iron  ore,  native  copper,  libethenite,  brochantite,  &c.  This  ore 
sometimes  contains  23  per  cent,  of  copper.  In  1836  a  block  of 
malachite  was  found  in  this  locality  weighing  330  tonnes.  From 
1814  to  1877  this  deposit,  which  may  probably  have  some  relation 
to  the  diorites  of  the  Wisokaia  Mountain,  produced  2,590,000 
tonnes  of  copper  ore.  Copper  ore  deposits  are  numerous  in 
the  Ural  Mountains,  although  very  few  of  them  have  been 
worked  with  the  exception  of  the  Miednoroudiausk  Mine,  which 
annually  produces  about  1,200  tonnes  of  ore.  All  the  other 
copper  mines  in  the  Urals  appear  to  have  been  abandoned.  The 
bedded  deposits  of  the  western  slope  cannot  be  considered  as 
having  any  geological  connection  with  this  range  of  mountains, 
but  as  they  belong,  administratively,  to  the  same  group  they  may 
be  here  mentioned. 

These  deposits  occur  in  the  Governments  of  Perm,  Wiatka, 
Kazan,  Ufa,  Samara  and  Orenburg,  and  belong  to  two  different 
formations,  the  Permian  and  the  Triassic ;  it  is,  however,  generally 
impossible  to  say  precisely  to  which  of  these  two  formations  each 
particular  depasit  belongs.  The  copper  occurs  in  the  form  of  blue 
and  green  carbonate,  black  oxide,  cuprite,  copper  ochre,  volborthite, 
and,  very  rarely,  as  native  copper.  The  sulphuretted  minerals, 
copper  sulphides,  iron  and  copper  pyrites,  and  gray  copper  ore, 
constitute  but  a  small  proportion  of  the  ores  present.  In  1875 
these  bedded  deposits  of  copper  ore  produced  20,000  tonnes  of 
ore,  from  which  800  tonnes  of  copper  were  obtained. 

Nickel  occurs  at  Rewdinsk  in  an  almost  vertical  quartz  lode, 
about  six  feet  in  thickness,  traversing  chloritic  slate  and  serpen- 
tine in  a  direction  N.  30^  E.  The  ore  is  stated  to  be  a  hydrated 
silicate  represented  by  the  formula  3R  SIO3  +  2Hp,  in  which  R 
represents  principally  nickel;  it  contains  18  per  cent,  of  nickel 
and  12  per  cent,  of  iron,  and  has  received  the  name  of  rewdinskite. 
Cobalt  and  zinc  ores  are  almost  unknown;  but  several  deiDOsits 
of  manganese  and  chrome  ores  are  worked  in  the  Ural.  Of  the 
latter  some  three  or  four  thousand  tonnes  are  raised  annually. 

Magnetite  occurs  in  a  number  of  large  deposits  on  the  eastern 
side  of  the  Ural  chain,  but  of  these  only  a  small  number  are 
worked.     The  magnetite  deposits  of  the  Blagodat  Mountain  and 
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of  the  Wisoka'ia  Mountain  are  well  known,  and  have  been  described 
in  various  Russian  and  French  works. 

The  Blagodat  Mountain^  consists  of  augite-porphyry  passing- 
into  uralite-porphyry,  the  summit  being  capped  by  a  compact 
basaltic  rock.  The  magnetite  is  distributed  in  strings  and  irregular 
masses,  and  is  very  compact,  but  contains  iron  pyrites,  calc  spar, 
-apatite,  mica  and  analcime. 

The  magnetite  which  aflfordsthe  best  iron  in  Russia  is  obtained 
from  the  Oula-Outasse-Taou  Mountain,  but  only  a  small  quantity 
is  raised.  In  addition  to  the  above-mentioned  deposits  of  magne- 
tite, many  others  of  less  magnitude  occur  in  the  Urals.  These 
usually  form  irregular  masses,  lodes,  or  bedded  lodes,  in  hornblendic 
and  pyroxenic  rocks,  as  well  as  in  syenites  and  in  crystalline  schists. 
Red  haematite  is  found  in  many  places,  but  it  occurs  principally  in 
small  masses  subordinate  to  brown  hrematite,  and  rarely  as  an 
independent  deposit. 

Brown  haematite  is  the  principal  and  most  abundant  iron  ore 
of  the  Urals,  and  is  extensively  worked  in  various  localities. 
Brown  haematite  deposits  occur  under  very  varying  conditions, 
namely  : — 

1.  In  small  irregular  masses  in  plutonic  rocks. 

2.  As  beds  in  metamorphic  rocks. 

3.  In  beds  at  the  contact  of  the  metamoiphic  rocks  with 
Silurian  limestones, 

4.  In  deposits  at  the  contact  of  metamorphic  and  plutonic  rocks. 

5.  In  accumulations  in  the  lower  horizons  of  the  Silurian 
formation. 

6.  In  beds  in  c\a,yej  sandstone  of  Carboniferous  or  Devonian 
age. 

7.  As  accumulations  in  the  form  of  nests  in  Silurian  or 
Carboniferous  limestones. 

8.  As  accumulations  in  alluvium. 

Spathic  iron  ore  is  by  no  means  plentiful,  but  sometimes 
accompanies  brow^n  haematite,  as  in  the  Irkouskane  Mountain, 
which  annually  yields  about  1,650  tonnes  of  this  ore.  Sphaerosiderite 
also  occurs  in  the  Ural,  being  w'orked  in  carboniferous  sandstone 
with  an  annual  production  of  15,500  tonnes. 

The  Timan  chain,  situated  in  the  extreme  north,  is  very  thinly 
inhabited,  and  comparatively  little  is  known  of  the  mode  of 
occurrence  of  its  minerals. 

1  H.  Miiller,  Berrj.  und  Ili/ftenm.  Ztif.,  1866,  p.  o4. 
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The  Caucasus. — The  oldest  rocks  of  this  chain  are  believed  to 
be  of  Jurassic  age,  and  the  most  important  metalliferous  deposits 
are  those  of  manganese  and  copper  ore.  Among  the  copper 
deposits  the  lodes  of  Alwerd,  Sitsimadane,  Kawart,  and  Artan^ 
with  the  irregular  mass  of  Kiadabek,  may  be  cited  as  the  most 
important. 

The  usual  gangue  is  quartz,  sometimes  associated  with  gypsum 
and,  more  rarely,  with  heavy  spar,  in  which  latter  case  the  lode  is 
seldom  rich.  The  ore  generally  consists  of  iron  and  copper  pyrites, 
with  various  products  of  their  oxidation.  Blende  sometimes 
occurs  in  more  or  less  considerable  quantities,  as  at  Kiadabek, 
where  a  nest  of  argentiferous  galena  has  been  discovered.  In 
other  cases  the  ore  consists  of  a  mixture,  in  varying  proportions, 
of  argentiferous  galena  and  copper  ores,  as  in  the  Dambloud 
deposit. 

Deposits  of  lead  ore,  properly  so-called,  exist  only  in  Ossetie  to 
the  north  of  the  chain,  where  they  form  lodes  of  which  both  the 
gangue  and  country  rock  are  quartz,  protogine,  heavy  spar  and 
limestone.  The  ore  consists  of  galena,  blende,  iron  and  copper 
pyrites,  with  products  of  their  oxidation. 

A  deposit  of  cobalt  ore  has  been  found  at  Dachkessau,  Govern- 
ment of  Elisabethpol,  which  takes  the  form  of  a  dyke  of  diorite 
impregnated  by  cobalt  ore  associated  with  iron  and  copper  pyrites. 
The  cobalt  ore  is  almost  entirely  free  from  nickel ;  the  workings 
were  for  a  time  abandoned,  but  in  1892  the  production  was 
19  tonnes  of  ore. 

Among  the  deposits  of  ii'on  ore  that  of  Dachkessan  is  one  of  the 
most  important,  and  consists  of  a  thick  bedded  lode  of  magnetite  ;. 
while  at  Tchatach  there  is  a  large  irregular  mass  of  diorite 
impregnated  with  iron  glance. 

Manganese  is  found  in  the  valley  of  the  Kwirile  River,  forming 
a  bed  of  pyrolusite  in  Miocene  sandstone. 

Very  important  deposits  of  manganese  ore  have  been  opened 
up  in  the  Caucasus  since  1S79,  the  chief  districts  being  Tiflis, 
Kutais,  and  Saropansk.  The  ores,  which  occur  in  very  flat-lying 
beds,  are  known  over  an  area  of  nearly  sixty  square  miles.  There 
are  from  six  to  eleven  beds  of  different  qualities  separated  by  thin 
partings,  forming  a  total  of  from  6  to  16  feet  in  thickness,  the 
individual  layers  being  often  very  thin.  The  deposit  is  intercalated 
between  two  beds  of  limestone  of  Eocene  age,  and  is  associated 
with  thin  layers  of  sand,  the  ore  occurring  either  as  an  oolitic 
stratum  or  as  lumps  disseminated  in   a  bed  of  clay,  the   minerals 
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being  chiefly  pyrolusite  and  manganite.     The  production  ^  of  thiii 

ore  has  been  as  follows  : — 

Tons. 

1879 871 

1881 11,000 

1886 73,000 

1888  ........  82,000 

1890 169,000 

The  importance  which  this  district  has  assumed  compared  ta 
the  other  Russian  manganese  producing  centres  may  be  seen  from 
the  following  table  : — 

District  1878.  1890. 

Tons.  Tons. 

Caucasus     ....      —         ...       168,900 

Urals- 190        .     .     .  2,300 

Southern  Russia  .     .      —         ...  8,500 

Totals  190  179,700 

South ERX  Russia. — The  Government  of  Ekaterinoslav  has 
recently  come  into  prominence  as  an  iron  producing  centre,  owing 
to  the  opening  up  of  the  coal  basin  of  the  Donetz  - ;  in  this  same 
region  there  are  also  numerous  small  deposits  of  brown  haematite 
of  a  moderate  degree  of  purity.  The  source  of  most  of  the  iron 
ore  is  the  extensive  series  of  deposits  occurring  about  Krivoi-Rog 
in  the  Government  of  Cherson.  These  consist  of  highly  inclined 
beds  of  ferruginous  quartzite  carrying  about  40  to  45  per  cent,  of 
metallic  iron ;  between  these  strata  occur  large  lenticular  dei^osits 
of  magnetite  and  specular  ore,  whose  longer  axis  is  parallel  with 
the  strike  of  the  beds  ;  their  length  is  from  650  to  2,000  feet, 
their  thickness  65  to  350  feet,  and  their  contents  range  from 
300,000  to  3,000,000  tons,  the  ore  assaying  60  to  65  per  cent, 
of  metallic  iron.  These  deposits  have  been  traced  for  a  length  of 
some  85  miles.  In  1894  there  were  twelve  mines  in  existence, 
producing  annually  some  800,000  tons  of  ore. 

Manganese  ore  also  occurs  near  Nikopol  in  the  Government  of 
Ekaterinoslav  in  the  form  of  strings  of  ore  disseminated  in  a  be  d 
of  clay.     These  deposits  have  only  been  opened  up  recently. 

Quicksilver  was  discovered  in  the  Donetz  coal  basin  at 
Nikitofka  in  1879,  and    has  been  actively  worked  since    1886. 

1  Jourii.  Iron  and  Sted  lu-^f.,  189.5,  i.  p.  2flU. 

-  Ct.  Kamensky,  "The  Ironworks  of  the  Soutn  ot  Ku.ssia,     Joiirn.  Iron  and 
Steel  In.it.,  1895,  ii.  p.  70. 
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The  ore  there  found  is  cinnabar,  which  exists  as  an  impregnation 
in  a  bed  of  sandstone  of  Carboniferous  agje,  inclined  at  an  angle 
of  50° ;  the  roof  is  formed  by  shales  and  the  floor  by  a  stratum  of 
very  compact  sandstone,  whilst  there  are  numerous  small  fissures 
carrying  cinnabar.  The  mode  of  occurrence  is  in  many  respects 
comparable  with  that  of  Almaden.  The  ore  is  said  to  contain  from 
0'4  to  I'l  per  cent,  of  mercury. 

The  amount  of  metal  produced  recently  ^  was  as  follows  : — 

Tonnes. 

1887 64 

1888 165 

1889 167 

1890 292 

1891  324 

1892 '   .     .  343 

Poland. — It  is  probable  that  mines  were  "worked  in  Poland 
during  the  tv/elfth  century,  and  from  the  commencement  of  the 
fifteenth  century  to  the  end  of  the  sixteenth  more  lead  was  pro- 
duced in  Poland  than  in  any '  other  country  in  Europe.  The 
calamine  deposits  were  discovered  at  the  commencement  of  the 
present  century,  and  a  more  liberal  mining  law,  which  was  pro- 
mulgated in  1870,  has  exercised  a  considerable  influence  on  the 
development  of  the  industries  of  the  country. 

The  deposits  of  galena  in  the  dolomites  of  the  Muschelkalk 
are  of  great  historical  interest,  as  they  have  been  worked  for  many 
centuries.  The  most  remarkable  lead  mines  are  those  near  Olkusz 
and  Boleslaw.  The  production  of  lead  from  the  latter  mines 
was  very  large  during  the  sixteenth  and  seventeenth  centuries, 
but  fell  off  considerably  towards  the  end  of  the  eighteenth.  At 
the  commencement  of  the  present  century  calamine  deposits 
w^ere  discovered,  and  the  galena  is  now  worked  subordinately 
to  the  zinc  ores.  In  1876  only  3,895  tonnes  of  lead  ore  were 
obtained,  and  since  that  time  the  output  has  dwindled  down 
to  practically  nothing. 

Deposits  of  lead  and  copper  have  been  long  known  near 
Checiny  and  Kielce.  The  lead  ores  occur  in  lodes  in  Devonian 
quartzites,  and  have  been  worked  from  the  fifteenth  century.  The 
copper  ores,  which  consist  principally  of  malachite  and  azurite, 
have     been     worked     near    Kielce,    at    Miedziana-Gora,   and  at 

1  Zeil.sch.  f.  Prakf.  Geol.  1894,  p.  427.  C.  Le  N.  Foster,  Mineral  Industry  of 
the  United  Kingdom,  1895,  p.  87. 
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Karczovska.  The  working  of  these  deposits  dates  from  the 
fifteenth  century.  During  the  ten  years  terminating  in  1826, 
3,360  tonnes  of  copper  ore  Avere  obtained  ;  but  the  production 
has  since  entirely  ceased. 

The  ores  of  zinc  found  in  Poland  are  carbonate  of  zinc, 
silicate  of  zinc,  zinciferous  dolomite  stained  red  by  oxide  of  iron, 
and  zinciferous  limestone.  The  majority  of  these  are  found  in  the 
dolomite  of  the  Muschelkalk  formation.  These  ores  always  occur 
as  irregular  deposits,  or  nests,  varying  in  thickness  from  a  few 
inches  to  twelve  feet,  as  is  also  the  case  in  the  Scharley  Mine 
in  Silesia.  The  same  deposits  extend  into  Poland  and  are  worked 
at  the  Barbe  Mine.  Near  Boleslaw  the  deposit  forms  a  mass, 
2,000  feet  in  diameter  and  50  feet  in  thickness  ;  but  the  percentage 
of  zinc  in  the  ores  is  very  variable  in  the  different  mines.  In 
1876  six  mines  produced  59,878  tonnes  of  zinc  ore,  and  during 
the  same  year  three  zinc  works  yielded  4,506  tonnes  of  zinc  ; 
in  1893  the  production  was  60,200  tonnes  of  ore,  and  4,600  tonnes 
of  zinc. 

Numerous  deposits  of  iron  ore  occur  in  the  south  of  Poland, 
and  iron  ore  mines  are  worked  near  the  small  town  of  Daleszyce, 
where  deposits  of  brown  haematite  containing  40  per  cent,  of  iron 
are  enclosed  in  rocks  of  Devonian  age.  The  Carboniferous  forma- 
tion of  Poland  contains  numerous  beds  of  sphserosiderite,  of  which 
the  thickness  is  very  variable  ;  but  this  mineral  is  often  found  in 
large  masses  and  is  very  extensively  worked.  Brown  hajmatite, 
containing  from  25  to  33  per  cent,  of  iron,  also  occurs  in  the 
Muschelkalk,  and  is  worked  at  Bendzin,  Czeladz,  Sievierz,  and 
Slawkow.  The  iron  ores  which  occur  in  the  Keuper,  are,  however, 
much  more  important,  and  consist  of  brown  haematite  and  sphsero- 
siderite. The  brown  haematite  contains  from  35  to  45  per  cent, 
of  iron,  and  the  sphaerosiderite  only  from  27  to  35  per  cent. ;  but 
the  latter  constitutes  the  larger  portion  of  the  iron  ore  raised  in 
Poland. 

In  1876  iron  ore  was  raised  from  79  mines  in  Poland,  the  total 
production  of  the  country  being  107,600  tonnes;  this  yielded 
31,168  tonnes  of  cast  iron. 

The  Altai. — The  number  of  ore  deposits  which  have  been 
discovered  in  the  Altai  is  very  large,  amounting  in  the  agoreo-ate 
to  several  thousands.  The  larger  number  of  them  occur  in  the 
western  extension  of  the  chain,  in  the  neighbourhoods  of  Schlangen- 
berg,  Riddersk,  Nikolajewsk,  and  Siranowsk.  Several  mines  are, 
however,  worked  near  the  town  of  Salair,  north  of  the  main  chain. 
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while  on  the  other  hand  the  eastern  portion  is  but  little  known, 
and  no  ore  deposits  are  believed  to  be  worked  in  this  region.  All 
the  different  veins  exhibit  similar  characteristics,  being  almost 
without  exception  lodes  traversing  sedimentary  rocks  belonging  to 
the  Silurian,  Devonian,  and  Carboniferous  periods.  Lodes  do  not 
olten  occur  in  the  crystalline  slates,  and  still  more  rarely  in 
granite.  Granites,  porphyries  and  greenstones  constantly  occur 
m  the  vicinity  of  the  lodes,  and  several  mines  are  worked  in 
jiorphyry,  The  filling  of  the  lodes  chiefly  consists  of  heavy 
spar,  quartz,  and  various  sulphuretted  ores ;  the  latter  are,  how- 
ever, usually  much  altered  near  the  outcroj^,  and  crystallised 
minerals  are  rare.^ 

The  principal  silver  mines  of  Russia  are  in  the  Government  of 
Tomsk  in  the  Altai,  where  veins  of  argentiferous  ores  occur.  The 
Altai  is  returned  as  having  produced  in  1891  lead  to  the  amount 
of  685  tonnes,  and  9,750  kilogr.  of  silver. 

At  the  Tschudack  Mine,  in  the  Altai,  a  copper  lode  from 
eighteen  to  twenty-four  feet  in  width  is  worked  in  quartz- 
porphyry;  the  veinstone  is  quartz,  enclosing  copper  ores  in  strings 
and  leaders.  In  the  centre  of  this  lode  there  is  said  to  be  a  leader 
of  ore  six  feet  in  width  containing  but  little  quartz.  At  a  certain 
depth  the  ores  consist  of  copper  and  iron  pyrites  and  copper 
glance;  near  the  surface  various  j)roducts  of  oxidation  prevail."-' 

Auriferous  sands,  frequently  conta.ining  platinum,  are  exten- 
sively worked  in  the  Altai.  In  the  mining  district  of  Nertschiusk, 
in  eastern  Siberia,  in  the  proximity  of  syenite  and  granite,  crystal- 
line limestones  alternate  with  sandstones,  and  are  traversed  by 
irregular  veins  which,  occasionally,  widen  out  to  irregular  masses, 
especially  near  the  contact  of  dissimilar  rocks.  These  deposits  are 
filled  with  quartz,  calc  spar,  and  brown  ironstone,  in  which  galena 
fahlerz,  molybdenite,  iron  jjyrites,  copper  pyrites,  and  blende  are 
enclosed,  and  are  at  times  worked  for  silver.^ 

In  Russian  Turkestan,  deposits  are  known  of  gold,  silver,  lead, 
copper,  iron,  manganese,  and  arsenic ;  but  in  spite  of  their  large 
number  a  few  only  are  worked.  Gold  placers  are  wrought  upon  a 
small  scale,  but  the  deposits  of  other  metals  for  the  most  part 
remain  unworked. 

The  production  of  tin  in  Russia — entirely  from  Finland — in 
1879  amounted  to  only  two  tons.     Zinc  gave  an  annual  average  of 

1  B.  V.  Cotta,  Der  Altai,  Leipzig,  1S71,  p.  246. 
-  lliid.,  Btrg.  uiid  Hutttnm.  Ztit.  ISTU,  p.  29. 
^  Pischke,  Xtut^  Juhrh.  f.  Mux.  1876,  p.  898. 
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4,337  tons,  five  years  previous  to  1879,  but  in  that  year  fell  to 
4,236  tons.  Copper  decreased  from  3,496  tons,  the  yearly  average 
of  the  same  quinquennial  jjeriod,  to  3,064  in  1879.  Lead  increased 
from  1,010  tons,  average,  to  1,331  tons  in  1879.  No  nickel  was 
extracted  in  1879.  In  the  same  year  15  tons  only  of  cobalt 
ores  wei-e  raised.  In  1892  the  figures  were  not  very  different 
being :  Zinc,  4,374  tonnes ;  copper,  5,010  tonnes ;  lead,  930 
tonnes. 

The  precious  metals  showed  a  marked  increase  during  the 
period  1874  to  1878.  In  western  Siberia  the  production  of  gold 
increased  slightly,  and  in  the  Urals  considerably.  At  the  end  of 
1879  the  number  of  gold  mines  belonging  to  private  individuals 
was  in  eastern  Siberia  1,522,  in  Avestern  Siberia  291,  and  in  the 
Ural  1,233,  making  a  total  of  3,046. 

Finland. — The  copper  and  tin  ore  deposits  of  Pitkaranta  ^  are 
worked  on  the  north  shore  of  Lake  Ladoga,  where  the  rocks  consist, 
principally,  of  red  coarsely  granular  granite  and  crystalline  slates. 
Veins  of  granite  frequently  occur  in  which  red  orthoclase  sometimes 
predominates  to  such  an  extent  as  to  be  worked  for  the  manufacture 
of  porcelain.  Metalliferous  deposits  are  also  numerous,  the  ore 
occurring  as  impregnations  of  copper  and  iron  pyrites,  galena,  and 
magnetic  pyrites,  the  gangue  being  usually  quartzose.  The  only 
deposit  which  has  been  advantageously  worked  is  a  bed  of  sahlite 
impregnated  with  copper  pyrites  and  tinstone.  Upon  this,  which 
occurs  in  the  granite,  mining  has  been  carried  on  for  above  fifty 
years.  This  bed,  which  for  a  length  of  nearly  one  mile  and  a 
half  has  been  opened  upon  by  six  shafts,  has  a  very  constant 
thickness  of  about  fifteen  feet,  strikes  from  east  to  west,  and  dips 
from  40'  to  50"  S. 

The  most  easterly  point  worked  is  opened  by  No.  1  Glee 
Mine,  where  the  entire  mass  of  the  deposit  is  divided  by  parallel 
fissures  into  five  beds  sharply  divided  from  one  another ;  the  ore 
varies  much  in  richness,  and  the  country  rock  does  not  contain  any 
tinstone.  Fig.  102  rej)resents  a  transverse  section  across  the  deposit, 
in  which  the  band  marked  a  is  the  richest,  and  contains  copper 
ores  only  ;  h  and  c  contain  no  ore,  d  contains  copper  and  iron 
pyrites,  while  e  is  unproductive. 

A  little  more  than  half  a  mile  west  of  this  point  the  rock 
acquires  in  the  No.  4  Omilianoff  Mine  a  much  darker  colour,  and 
encloses  a  bed  of  dark  granular  granite  three  feet  in  thickness. 
Here  the  ore  occurs  differently,  for,  whereas  in  the  No.  1  Clee 

^  G.  V.  >Schoultz-Ascheraden,  Berrj.  unci  Hiittenm.  Ztit.  1876,  p.  28U. 
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Mine  the  copper  pyrites  is  finely  divided,  here  it  occurs  in 
compact  masses  up  to  the  size  of  the  fist,  and  is  often 
associated  with  other  minerals,  such  as  malacolite,  hornblende, 
quartz,  calc  spar,  garnet,  mica,  felspar,  fluor  spar,  talc,  iron  jDyrites, 
magnetite,   blende  and  tin   ore.     Iron  pyrites  occurs  in  crystals, 


Fig.  10-2. — Clee  Mine,  Pitkaranta;  section. 

which  sometimes  attain  a  weight  of  5  lbs.     Neither  galena  nor 
magnetic  pyrites  appear  to  be  present. 

Fig.  103  represents  a  transverse  section  of  Mine  No.  3,  which  is 
worked  for  tin  ore  only.  In  this  section  a  is  sahlite  with  a  little 
copper  pyrites,  Jj  granite  without  ore,  c  sahlite  with  tin  ore,  cl 
sahlite  with  a  little  tin  ore,  c  granite  with  tin  ore  ;  c  and  c  are  the 


Fig.  103.— Omilianoff  Mine,  Pitkiiranta;  section. 


richest  in  tin,  and  in  d  tin  ore  can  just  be  defected,  but  is  entirely 
absent  in  the  others. 

In  1880  Pitkaranta  produced  25,513  centners  or  1,085  tonnes 
of  copper  ore,  and  482  centners^  or  20*5  tonnes  of  tin  ore. 


•*  1  centner  =  42 "53  kilogrammes. 
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The  production  of  Finland  in  1880  was  as  follows^  : — 

Iron  ore       .  .  4,120  centners  or  175"2  tonnes 

Copper  ore  .  31,756         „       „  l,3o0"5     ,, 

Tin  ore        .  .  482         „       „  20-5     ,, 

Zinc  ore      .  .  5,276         „       „  224'4     „ 


Lake  ores    .      880,090 


„  37,430-2     „ 


From  240,663  cubic  feet  of  auriferous  sand  17,609  grammes  of 
gold  (566  oz.)  were  obtained. 

E.  H.  Furuhjelm,  director  of  the  Office  of  Mines,  Finland,  in 
a  letter  to  the  editor  of  Iron  ^  says  that  the  total  amount  of  the 
ofold  washed  from  auriferous  sands  in  North  Finland,  in  the  year 
1881,  was  20,600  grammes,  which,  at  3"20  francs  per  gramme, 
gives  a  total  value  of  65,920  francs,  or  £2,637. 

During  the  ten  years  from  1881  to  1890  the  production  of 
cfold  in  Finland  was  as  follows  : — ^ 


1881 

658  ounces 

1882 

606   „ 

1883 

342   „ 

1884 

— 

1885 

171   „ 

1886 

131  .., 

1887 

171   „ 

1888 

394 

1880 

867   „ 

1800 

525   „ 

Gexeral  Summaries  of  the  Appkoximate  Production  of  Metal^  and 
Metalliferous  Minerals  ix  the  Russian  Empire  duringthe  Years 
188U  AND  1892. 

1880* 

Poods.  Tons. 

Iron  ore  raised    ....    62,493,424  1, 003,147  <» 

Gold  produced     ....  2,642  ,  42 "4 

Platinum 180  __       2-9 

SUver 616  -..—  9-9 

Lead 69.947  .  ^1,1120 

Copper 19.-i,.51S  3,1380 

Zinc 267,801)  4,298-0 

Sulphur .5,.3(iO  87<» 

Chrome  iron  ore     .    .    .          503,503  8,0810 


1  Berfj.  und  Hiittenm.  Zdl.  1882,  p.  247 

2  February  10th,  1882,  p.  106. 
•*  F.  PoSepny,  loc.  cit. 

*  Enfjinteriny,  xxxv.  1883,  p.  29. 
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1892  1 

Quantities.  Values.2           ^ 
£ 

Gold                                       43,030  kilogr.  5,230,400 

Silver 11,200       ,,  57,000 

Platinum 4,410       ,,  139,600 

Antimony  ore     .    .    .          1,240  tonnes  2,000 

Chrome  iron  ore     .    .          3,000       ,,  1,877 

Cobalt  ore 20       ,,  — 

Iron  pyrites    ....         14,120       ,,  11,300 

Manganese  ore   .    .    .      203,460       „  92,700 

Pig  iron 1,072,651       „  4,589,399 

Lead 885       „  12,290 

Copper 5,377       „  369,100 

Tin 9i     ,,  880 

Zinc 4,372      „  104,000 


TTTRKEY. 

It  is  well  known  that  many  j)arts  of  the  Turkish  Empire  are 
xich  in  minerals,  but  the  conditions  of  the  country  have  not  been 
such  as  to  foster  mining  enterprise.  Of  recent  years  a  little  more 
encouragement  has  been  given  to  miners,  and  a  little  work  is  being 
done,  though  the  chief  mineral  products,  meerschaum  and  emery, 
are  non-metallic  minerals.  The  following  data  are  taken  from  a 
paper  on  the  subject  by  Dr.  W.  May.^  There  are  several  copper 
mines  worked  by  the  State ;  the  best  known  of  these  are  the  mines 
at  Arghana,  near  Diarbekir,  on  the  river  Tigris.  This  mine 
produces  about  120  tonnes  annually  of  black  copper  containing 
75  per  cent,  of  metal ;  the  mines  at  Batman  produce  about  720 
tonnes,  and  those  at  Okka  about  923  tonnes  of  black  copper  of  the 
same  quality.  Another  mine  near  Diarbekir  produced  790  tonnes 
of  copper  ores  in  1894. 

Lead  and  silver,  with  a  little  gold,  are  also  mined  by  the  State 
at  Bulgardegh,  where  about  1,500  kilogr.  of  silver  are  produced 
annually.  The  most  important  silver-lead  mines  are  at  Hodsha- 
Gernish  (Balia)  belonging  to  the  "  Societe  des  Mines  de  Balia- 
Kara-ai'din,"  which  produce  about  4,000  tonnes  of  ore  annually. 
An  English  company,  the  "Asia  Minor  Mining  Company,"  is 
working  silver  ores  at  Lidshesi,  and  producing  about  8,000  tons  of 
ore  per  year.     Important  mines   are  being  opened  on  the  Kes- 

1  C.  Le  N.  Foster,  First.  Annual  General  Report  iipon  the  Mineral  Industry  of 
Great  Britain,  1895,  p.  87. 

-  Exchange  is  taken  at  10  silver  roubles  =  £1. 

^  Dr.  W.  May,  "Die  Bergbaulichen  Verhaltnisse  in  der  Turkei,"  Oe-^ttr. 
Zeitsch.  f.  Berg.  u.  Hiittenwesen,  May,  1896,  p.  223. 
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sendere  peninsula,  which  district  is  also  rich  in  manganese 
deposits. 

Numerous  important  antimony  deposits  are  known  and  are 
worked  to  some  extent. 

Chrome  iron  ore  of  high  quality,  carrying  from  46  to  56  per 
cent,  occurs  in  great  quantities  in  Turkey ;  the  present  output  is 
20,000  tonnes  per  annum,  and  this  could  readily  be  greatly 
increased  should  the  demand  warrant  it.  In  the  province  of 
Angora,  in  Anatolia,  several  mineral  deposits  are  being  opened  vip 
by  an  English  company. 


ASIA    AND    OCEANIA. 

THE   INDIAN   EMPIRE. 

Although  the  useful  metals  or  their  ores  are,  in  British 
India,  scattered  over  vast  areas,  they  are,  with  but  few  exceptions, 
so  sparingly  disseminated  as  to  be  but  seldom  capable  of  being 
worked  with  advantage.  Gold  occurs  in  the  sands  of  a  large 
number  of  its  streams  and  rivers,  but  usually  in  such  minute 
quantities  as  to  afford  a  pittance  of  only  a  few  pence  daily  to  a 
limited  number  of  indigent  washers.  In  addition  to  gold  thus 
obtained  from  the  sands  and  gravels  of  rivers,  abundant  evidence 
exists  of  that  metal  having  been  anciently  mined  from  auriferous 
veins  by  means  of  shafts,  galleries,  and  other  excavations.  There 
would  appear,  however,  to  be  no  record  of  the  periods  at  which 
these  works  were  executed,  and  we  are  consequently  without  any 
information  as  to  the  conditions  under  Avhich  they  were  conducted, 
or  with  regard  to  the  relative  values  of  gold  and  labour  at  the 
time  they  were  in  operation.  In  the  majority  of  cases,  therefore, 
the  existence  of  ancient  workings  affords  but  little  evidence  of  the 
value,  according  to  modern  standards,  of  metalliferous  deposits, 
since  they  may  have  been  made  by  forced  labour,  and  at  a  time 
when  the  metals  were  relatively  much  more  valuable  than  they 
are  at  present.  There  are  occasional  exceptions  to  this  general 
rule,  as,  for  instance,  at  Mysore,  where  modern  Avorkings  have  been 
carried  on  beneath  the  level  of  the  ancient  ones  with  highly 
favourable  results.  The  lead  ores  of  India,  always  containing  a 
certain  proportion  of  silver,  occur  disseminated  in  beds,  in 
intercalated  or  in  irregular  deposits,  but  they  are  seldom  found  in 
true  veins.     Many  of  these  deposits  were  formerly  worked  on  a 
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very  small  scale  by  the  natives,  but  none  of  those  which  are  at 
present  known  would  seem  to  offer  sufficient  inducement  for  the 
introduction  of  capital,  or  for  the  ajDplication  of  improved  modern 
processes. 

Ores  of  copper  are  of  even  more  frequent  occurrence  than 
those  of  lead,  but  like  those  of  that  metal  are  seldom  found  in 
regular  lodes,  but  occur,  on  the  contrary,  in  beds  and  bedded 
veins,  as  well  as  in  the  joints  of  various  rocks.  Tliese  ores  were 
formerly  worked  by  native  smelters,  who  obtained  from  them 
copper  of  good  quality  but  at  a  cost  far  exceeding  that  at  which  it 
can  now  be  imj)orted. 

Iron  ores  are  abundant,  and  malleable  iron  has,  from  time 
immemorial,  been  produced  from  them  in  charcoal  forges  blown 
with  a  hand  blast.  In  this  way  both  iron  and  natural  steel 
are  still,  to  some  extent,  manufactured  by  the  hill  men  at  various 
points  in  the  interior ;  but  the  metal  so  produced  can  no  longer 
compete  in  price  with  that  manufactured  upon  a  larger  scale  in 
Europe,  and  subsequently  imported  into  the  country.  Numerous 
attempts  have  been  made  to  introduce  modern  processes  of  iron  and 
steel  making  into  British  India,  but  the  results  have  been  unsatis- 
factory. This  repeated  want  of  success  is  probably  in  part 
attributable  to  various  circumstances  of  a  kind  often  unfavourably 
affecting  enterprises  of  this  description,  but  is  perhaps  mainly 
due  to  the  circumstance  that  the  largest  and  richest  deposits  of 
iron  ore  are  situated  at  considerable  distances  from  a  sufficient 
supply  of  suitable  fuel. 

Gold. — The  original  derivation  of  the  principal  portion  of  the 
gold  of  Peninsular  India  is  doubtless  from  the  quartz  veins 
traversing  various  metamorphic  and  sub-metamorphic  rocks.  There 
is  also  reason  to  believe  that  in  some  parts  of  the  country  gold 
occurs,  independently  of  quartz  veins,  in  certain  chloritic  schists 
and  quartzites  as  well  as,  possibly,  in  one  or  more  varieties  of 
gneiss. 

According  to  Professor  Ball,  late  of  the  Geological  Survey  of 
India: — "  Tlie  presence  of  gold  either  as  an  original  deposit,  or  as 
a  detrital  product  from  the  older  rocks,  has  not  as  yet  been  proved 
in  any  member  of  the  great  Viudhyan  formation.  But  in  the  next 
succeeding  formation  several  of  the  groups  included  in  the 
Gondwana  system  are  believed  to  contain  detrital  gold  ;  of  these 
the  evidence  seems  clearest  in  the  case  of  the  Talchir.  It  is 
almost  certain,  however,  that  the  gold  obtained  in  the  Godavari 
and  in  its  tributary  near  Godalore  or  Mungapet,  is  derived  from 
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rocks  of  Kamthi  age,  and  the  gold  of  the  Ouli  River  in  Talchir 
in  Orissa  is  derived  from  sandstones,  but  whether  from  those  of 
the  Barakar  or  Kamthi  groups  is  not  certainly  known,  as  both 
occur  in  the  same  river  section.  It  is  of  course  natural  that  the 
sedimentary  rocks  which  first  filled  the  previously  existing  hollows 
and  basins  should  contain  gold  as  well  as  the  other  materials 
derived  from  the  degradation  of  the  older  metamorphic  rocks,  but 
gold  is  also  probably  present,  though  its  existence  has  not  yet  been 
proved,  in  some  of  the  still  younger  groups. 

"  In  so  far  as  Peninsular  India  is  concerned,  the  only  other 
sources  of  gold  are  the  recent  and  sub-recent  alluvial  deposits 
which  rest  on  the  metamorphic  and  sub-metaraorphic  rocks. 
Passing  to  the  extra-peninsular  regions  we  meet  with  evidences 
of  the  existence  of  gold  in  rocks  of  several  different  periods.  In 
Ladak  certain  quartz  reefs  which  traverse  rocks  of  the  Car- 
boniferous period  are  almost  certain  to  be  gold-bearing,  as 
particular  streams  which  rise  within  their  limits  contain 
auriferous  sands.  In  Kandahar  gold  occurs,  as  also  do  some 
ores  of  other  metals  in  rocks  of  Cretaceous  age.  Here  the 
deposit  is  an  original  one,  and  is  connected  with  the  in- 
trusion   of  trap. 

"  Lastly,  all  along  the  foot  of  the  Himalayas  from  west  to  east, 
from  Afghanistan  to  the  frontiers  of  Assam  and  Burma,  the 
Tertiary  rocks  which  flank  the  bases  of  the  hills,  and  which  occur 
also  in  the  Salt  range  and  in  Assam,  south  of  the  Brahmaputra, 
are  more  or  less  auriferous.  But  this  gold  is  all  detrital,  and  was 
ao  doubt,  in  the  first  instance,  derived  from  the  crystalline  meta- 
morphic rocks  of  the  higher  ranges  which  are  otherwise  known  to 
contain  gold."  ^ 

Since  the  above  was  written,  Mr.  R.  B.  Foote  -  has  shown  that 
the  chief  auriferous  deposits  of  India,  or  at  any  rate  of  southern 
India,  occur  in  a  belt  of  hornblendic,  chloritic  and  argillaceous 
schists,  associated  with  more  or  less  hsematitic  quartzite  and  with 
eruptive  trap  rocks,  which  he  proposes  to  group  together  under 
the  name  of  the  Darwhar  series.  These  rocks  form  belts,  whose 
general  trend  is  N.N.W.-S.S.E.,  overlying  unconformably  the  great 

^  V.  Ball,  A  Manual  of  the  Gtol.ogy  of  India,  part  iii.  "Economic  Geology,"' 
p.  176,  Calcutta,  1881.  This  carefully  prepared  volume,  to  which  I  am  indebted 
for  a  large  amount  of  infonnacion,  should  be  consulted  by  every  one  specially 
interested  in  the  mineral  resources  of  British  India. — J.A.P. 

^  R.  B.  Foote,  "The  Uarwhar  system,  the  chief  auriferous  rock  series  in 
South  India,"  Records  of  the  GeoL  Survey  of  India,  xxi.  1888,  p.  40  ;  and  xxii. 
1889,  p.  17. 
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gneissic  series ;  they  have  been  exposed  to  vast  lateral  pressure, 
by  which  they  have  been  crumpled  into  great  folds,  and  have 
subsequently  undergone  extensive  denudation. 

The  sfold-fields  of  Madras  at  one  time  attracted  so  much 
attention  and  have  absorbed  so  large  an  amount  of  British  capital, 
that  some  description  of  the  auriferous  deposits  of  that  portion  of 
British  India  may  be  desirable. 

The  excitement  caused  by  reports  relative  to  the  riches  of  the 
Wynaad  also  directed  attention  to  various  adjoining  areas  in 
southern  India  where  crystalline  rocks  prevail.  Among  these  the 
Travancore  State  has  been  to  some  extent  prospected,  but  it  does 
not  appear  in  any  of  the  early  accounts  as  a  gold-producing 
region,  and  the  trade  of  gold  washing  seems  to  be  unknown  there. 
Mr.  King,  who  reported  on  this  subject  to  the  Travancore  Govern- 
ment, states  that  the  so-called  quartz  reefs  ai'e  not  really  veins, 
but  merely  the  outcrops  of  beds  of  quartzite,  associated  with 
felspar,  which  run  with  the  foliations  of  the  gneiss.  Although 
minute  traces  of  gold  may  sometimes  be  detected  in  these  rocks 
by  assay,  the  amount  present  is  far  too  small  to  render  them  of 
any  commercial  value  as  a  source  of  that  metal. 

The  Wynaad  forms  a  terrace  of  mountain  land  lying  between 
the  low  country  of  Malabar  and  the  lofty  plateau  of  the  Nilgiri 
Mountains,  and  is  separated  into  three  portions,  known  respectively 
as  North,  South,  and  South-East  Wynaad.  The  south-eastern 
division  of  the  Wynaad,  in  which  are  situated  the  principal  veins 
of  auriferous  quartz,  is  now  included  in  the  Nilgiri  district;  but 
with  reference  to  the  earlier  notices  of  the  occurrence  of  gold,  it 
will  be  more  convenient  to  follow  Mr.  Ball,  and  to  treat  it  as 
belonging  to  the  Malabar  district,  in  which  it  was  formerly 
included.  In  a  report  of  a  joint  commission  from  Bengal  and 
Bombay  upon  the  condition  of  the  Malabar  province  in  the  years 
1792-98,  allusion  is  made  to  the  fact  that  the  Rajah  of  Nilambar 
claimed  a  royalty  on  all  gold  found  in  his  territory,  and  in  the 
latter  year  some  steps  were  taken  by  the  then  Governor  of  Bombay 
to  ascertain  the  value  and  extent  of  the  gold  mines  of  this  region. 
The  next  mention  of  the  occurrence  of  gold  in  the  district  is 
made  by  Dr.  Buchanan^  in  1S07 ;  he  alludes  to  the  gold  mines 
of  Malabar  and  states  that  a  Nair  who  had  the  exclusive  right  of 
mining  paid  a  small  annual  tribute  for  the  privilege.  In  the  yeai 
1827  Mr.  S.  Young  stated  that  fine  specimens  of  gold   had  been 

1  A  Journey  from  Madras  through  the  countries  of  Mysore,  Canara  and  Malabar, 
London,  1807,  i.  p.  441. 
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found  to  the  west  of  the  Nilgiri  Mountains  in  the  beds  of  various 
streams,  and    in    1830,   Mr.  F.    H.  Barber,^   who   was    examined 
before  the  Lords  Committee  on  East  Indian  affairs,  asserted  that 
gold  was  obtained   not  only  in  Coimbatore  but  throughout  the 
tract  of  country  lying  west  and  south  of  the  Nilgiri  and  Kunda 
Mountains.     He  had  often  witnessed  the  process  of  gold  washing, 
and  estimated  the  area  over  which  the  soil  was  impregnated  with 
gold    at    2,000    square    miles.      In    the    year    1831    Lieutenant 
Nicolson  was  appointed   to  prospect  for  gold-fields,  and  also  to 
purchase  on  behalf  of  Government.     His  rejDort  as  to  the  extent  of 
the  mines  and  the  possibility  of  their  being  worked  advantageously 
by  British  capital,  was  on  the  whole  sanguine,  and  he  suggested 
that  stamping  mills  for  the  treatment  of  gold  quartz  should  be 
erected  at  Coopal.     After  the  receipt  of  the  report  of  a  committee, 
in  1833,  condemning  mining  in  the  low  country  of  Malabar  as 
a  European  industry,  the  Governor  in  Council  came  to  the  con- 
clusion  that  it  would   be   inexpedient  to   work   these  veins.     In 
1857  and  1858  attention  was  again  directed  to  these  gold  mines 
by  the  Collector  of  Malabar,  who  described  them  as  extending  for 
a  distance  of  from  thirty  to  forty  miles  along  the  western  face  of 
the  ghats,  and  in  some   places   even  reaching  to  their  summits. 
At  this  time  the  taxes  jjayable  by  the  rajahs  for  the  right  to  mine 
had  fallen  into  arrears,  and  many  of  the  older  miners  and  their 
descendants  would  appear  to  have  migrated  to  the  coffee  planta- 
tions of  the  Western  Wynaad.     Among  those  who  in  1865  were 
attracted  to  the  Wynaad  were  two  Australian  miners,  Mr.  H.  L". 
Sterne    and    Mr.    G.    E.   Withers,    while    shortly    afterwards    the 
erection  of  quartz-crushing  machinery  on  the  Skull  Reef  was  due 
to  the  enterprise  of  Mr.  J.  W.  Minchin.     The  results  yielded  by 
this  and  other  appliances  erected  elsewhere  for  the  same  purpose, 
were  not  satisfactory,  and  in  1875  Mr.  W.  King,  Deputy  Superin- 
tendent of  the  Geological  Survey  of  India,  visited  the  districts, 
and    his   report  with  a  map    of  the  W^ynaad    was    subsequently 
published. 

The  gold-bearino-  area  consists  of  oranite,  orneiss,  and  various 
metamorphic  rocks,  traversed  by  veins  of  quartz,  which  with  their 
branches  are  auriferous.  He  describes  the  gold  as  occurring 
originally  in  large  reefs  or  veins  of  quartz,  as  Avell  as  in  spurs 
branching  from  them,  and  sometimes  in  the  country  rock  itself. 
In  certain  leaders,  as  well  as  in  the  casings  of  the  veins,  gold  is 

^  Journal  Med.  and  Phys.  Soc.  of  Calcutta,  iv.  p.  48  ;  evidence  ordered  to  be 
printed,  April  2nd,  1830. 
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sometimes  visible  either  in  quartz,  in  crystals  of  iron  pyrites,  or  in 
pseudomorphs  composed  of  limonite  resulting  from  the  alteration 
of  that  mineral.  The  gold  of  the  reefs  is  usually  very  fine,  and 
occasionally  occurs  associated  with  pyrolusite.  The  23revailing 
direction  of  the  quartz  reefs  is  from  south-south-east  to  north- 
north-west,  but  owing  to  the  irregularity  and  occasional  flatness  of 
their  underlie,  there  is  sometimes  considerable  difficulty  in  tracing 
them.  Their  outcrops  are  without  exception  white,  and  generally 
speaking  it  is  impossible  to  say  by  mere  inspection  whether  they 
are  auriferous  or  otherwise.  The  Monarch  Reef  is  said  to  be 
traceable  for  a  distance  of  about  nine  miles. 

Mr.  K  Brough  Smyth  reported  on  the  Wynaad  in  1880,  and 
represented  the  reefs  as  being  generally  wider  and  proportionately 
richer  than  those  in  almost  any  part  of  Australia,  but  there  are  no 
deep  accumulations  of  auriferous  drift  such  as  characterise  the 
gold  regions  of  that  country  and  of  California.  Numerous  ancient 
workings  indicating  very  different  degrees  of  mining  skill  are  met 
with ;  these  comprise  open  cuttings  on  the  outcrops,  vertical  and 
inclined  shafts  on  the  reefs,  with  occasionally  levels,  and  shafts 
and  cralleries  combined.  Some  of  the  vertical  shafts,  which  are 
perfectly  perpendicular,  have  been  sunk  in  solid  quartz  to  a  depth 
of  seventy  feet.  The  rock  obtained  from  these  various  workings 
appears  to  have  been  ground  by  hand  mullers,  washed  in  a  wooden 
dish,  and,  perhaps,  subsequently  amalgamated.  The  country  is  so 
covered  by  these  ancient  tailings  that  Mr.  Brough  Smyth  com- 
pares its  condition  to  that  of  an  abandoned  Australian  washing. 
The  quartz  from  the  veins  in  this  region  occasionally  contains 
cavities  enclosing  minute  crystals  of  native  sulphur. 

The  Wynaad  ^  gold  region  consists  of  a  more  or  less  undulating 
table-land  averaging  about  3,000  feet  above  sea  level,  and  lying 
at  the  eastern  foot  of  the  Nilgiri  Mountains,  which,  being  the 
highest  mountain  range  of  Southern  India,  rise  to  a  height  of  some 
8,000  feet  above  the  sea.  The  climate  during  the  greater  portion 
of  the  year  is  temperate  and  equable,  but,  during  the  monsoon, 
the  rainfall  averages  somewhere  between  150  and  200  inches. 
The  monsoon  of  1882,  however,  exceeded  400  inches,  being  the 
heaviest  on  record. 

The  country  rock  mainly  consists  of  a  hornblendic  gneiss  con- 
taining a  large  preponderance  of  quartz,  and  is,  as  a  rule,  except  in 
close  proximity  to  the  surface,  where  it  is  liable  to  decomposition, 

1  I  am  indebted  to  Mr.  George  Seymour,  A.R.S.M.,  for  much  valuable  in- 
formation relative  to  the  Wj-naad  gold-fields. — J.  A.  P. 
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extremely  hard.  No  well-authenticated  instance  of  a  vein  settling 
down  into  and  "  living '  in  the  country  rock,  has  been  observed. 
Owing  to  this  fact,  and  to  the  circumstance  that  most  of  the 
quartz  has,  up  to  the  present  time,  been  sought  by  shallow  adits, 
but  little  mining  has  been  carried  on  which  could  enable  any 
reliable  opinion  to  be  formed  respecting  the  character  and 
continuity  of  the  reefs  in  depth.  No  shafts  of  any  importance 
have  been  sunk,  and  some  adits  which  were  started  to  explore 
the  country  under  favourable  topographical  conditions  had  to  be 
abandoned  owing  to  the  hardness  of  the  rock,  which  proved  too 
much  for  the  labour  available.  The  course  of  the  reefs  varies  from 
N.  20  to  40   W.,  the  dip  being  generally  easterly,  at  an  angle  of  from 
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Fig.  104. — Quartz  boulder.s,  Wynaatl. 


30''  to  3-3    with  the  horizon.     Some  of  the  veins  appear  to  incline 
at  a  greater  angle,  but  these  are  exceptions  to  the  general  rule. 

Perhaps  the  most  noteworthy  feature  in  connection  with  these 
deposits  is  their  want  of  continuity  in  strike  and  dip,  under  circum- 
stances which  would  lead  a  casual  observer  to  the  conclusion  that 
they  Avere  persistent  in  both.  As  an  instance  of  this,  a  presumably 
stable  and  continuous  outcrop  of  quartz,  on  investigation  by  means 
of  a  transverse  trench,  shown  in  Fig.  104,  proved  to  be  no  more 
than  a  row  of  symmetrically  disposed  superficial  boulders,  suffi- 
ciently angular,  notwithstanding,  to  justify  a  hasty  supposition 
that  they  represented  the  outcrop  of  a  reef.  In  this  case  the  main 
axis  of  the  boulders  was  that  of  the  normal  strike  of  the  district, 
20''  W.  of  N.,  yet  not  a  single  stone  could  be  found  six  feet  below 
the   surface.     In  another  locality  a  reef  showing  a   pronounced 
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strike  and  a  width  of  many  yards  on  one  side  of  a  gully,  failed  to 
show  any  trace  on  the  other. 

A  reef  was  found  parallel  to  the  slope  of  a  hill  side,  and  another 
lying  parallel  to  it  was  found  by  means  of  an  adit.  Outcrops 
having  been  seen  on  the  slope  above  underlying  in  the  same 
direction,  it  appeared  probable  that  other  parallel  veins  would  be 
found  ;  yet  after  driving  a  cross-cut  for  a  considerable  distance 
through  the  hill  none  were  discovered.  In  another  instance  a 
strong  outcrop  some  nine  feet  in  thickness  was  discovered  on  the 
brow  of  a  hill,  but  all  explorations  to  prove  it  in  depth  were  unsuc- 
cessful, notwithstanding  an  exceptionally  favourable  contour  of  the 
ground,  and  no  reasonable  doubt  can  exist  that  it  pinched  out 
within  a  short  distance  from  the  surface. 

The  tendency  of  reefs  to  dip  with  the  hill  sides  is  common  in 
the  Wynaad,  but  it  is,  however,  possible  that  the  contour  of  the 
hill  itself  may  sometimes  be  due  to  the  projecting  influence  of  a 
reef,  which,  acting  as  a  capping  or  shield,  protects  it  from  the 
destructive  effects  of  the  monsoon  for  an  indefinite  period.  The 
landslips  which  occur  during  and  subsequent  to  the  monsoon  have, 
in  many  cases,  had  the  effect  of  dislocating  the  reefs,  and  in  some 
instances  of  causing  one  reef  or  ledge  to  be  regarded  as  two  distinct 
and  independent  veins. 

Mr.  J.  Darlington,  w^ho  visited  these  o-old-fields  in  1883,  and 
who  had  consequently  the  advantage  of  examining  the  workings 
of  the  various  mines  when  in  a  more  advanced  stage,  is  of  opinion 
that  true  veins  of  auriferous  quartz  sometimes  occur  in  the 
Wynaad.  Irregular  patches,  lenticular  interfoliations,  and  bedded 
veins  are,  however,  more  frequent ;  and  in  not  a  few  instances  what 
had  been  taken  for  the  outcrop  of  a  vein  has  proved  to  be  nothing 
more  than  a  quartz  boulder  fallen  from  a  reef  situated  at  a  higher 
level. 

The  bedded  reefs  usually  dip  with  the  surface  of  the  hill  in 
which  they  are  enclosed,  and  are  often  covered  by  a  clay-like 
material  resulting  from  the  decomposition  of  the  superincumbent 
gneiss ;  while  the  rock  below  has  been  to  some  extent  protected 
from  alteration  by  its  capping  of  quartz.  In  other  cases,  the  quartz 
has  become  fissured,  and  the  rock  beneath  has  been  reduced  to 
the  state  of  clay,  in  which  portions  of  the  reef,  which  have 
become  detached,  have  been  embedded,  as  shown  in  Fig.  105,  which 
represents  a  section  of  Rhodes  Reef  after  a  drawing  by  Mr. 
Darlington.  At  right  angles  to  this  section  the  reef  forms  a  saddle 
or  anticlinal. 
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A  very  large  number  of  companies  were  formed  to  work  in  this 
field,  and  it  is  said  that  four  and  a  half  millions  sterling  have  been 
invested  in  it.  Scarcely  any  of  these  companies  survived  in  1896, 
the  results  having  been  uniformly  disastrous,  and  the  results  of 
twenty  years'  mining  being  estimated  at  less  than  18,000  oz.^ 
The  Indian  Gold  Mines  Company,  Limited,  in  1892  crushed  11,125 
tons  of  quartz,  and  got  ninety  ounces  of  gold  !  The  rocks  of  the 
district  consist  of  hard  gray,  overlain  by  a  red  gneiss.  Lenticular 
deposits  of  quartz  occur  in  the  upper  red  gneiss,  but  do  not  continue 
in  the  gray,  whilst  there  is  also  a  series  of  veins  of  a  more 
permanent  character  that  seem  to  continue  in  depth  ;  their  general 
strike  is  between  North  40'  East,  and  North  40  West,  with  dip  of 
from  30°  to  43°  mostly  to  the  eastward.     These  veins  are  some- 


FiG.  10.J.— Rhodes  Reef ;   transverse  section. 


times  15  to  20  feet  wide;  the  quartz  is  white  and  glassy,  the  gold 
mostly  finely  divided  and  associated  with  from  2  to  5  per  cent,  of 
iron  pyrites.  No  doubt  some  patches  of  very  rich  ore  have  been 
found,  and  these  would  account  for  native  workings  extending  in 
places  to  the  depth  of  70  feet.  Individual  assays  have  given  over 
200  oz.  to  the  ton,  but  milling  upon  a  Avorking  scale  has 
rarely  given  better  results  than  from  3  to  5  dvvts.  This  low 
average  yield,  in  spite  of  occasional  rich  spots,  sufficiently  accounts 
for  a  complete  collapse  of  the  Wynaad  gold  mining  industry,  and 
it  seems  very  doubtful  Avhether  the  district  ever  presented  even 
surface  indications  of  sufficient  importance  to  justify  the  magnitude 
of  the  operations  undertaken  in  this  region. 

In  the  year  1802,  Captain  Warren,  who  was  at  that  time 
engaged  in  a  survey  of  the  eastern  frontier  of  Mysore,  instituted 
inquiries  which  led  to  the  discovery  that  gold  washings  were 
in  operatiou  near  the  village  of  Wurigam,  the  modern  Urigam, 
or  Ooregaum,  and  that  actual  mining  was  being  carried  on  near 

1  A.    G.    Charleton,    "The    Indian   (4old    Fields,"    Tram.    Fed.    Imt.   Min. 
Eng.  xi.  1896,  p.  34.5. 
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Marcuq^am,  where  the  quartz  extracted  was  first  pounded  into 
dust  by  women  and  afterwards  washed.  The  subsequent  history 
of  the  gohl  industry  of  Mysore  may  be,  to  some  extent,  gathered 
from  the  following  statements,  contained  in  the  rejDorts  of  succes- 
sive administrations.  In  1868  it  was  stated  that  alluvial  gold  was 
occasionally  found  near  Betmangla,  but  in  quantities  insufficient  to 
repay  the  expense  of  collection.  In  1870  it  was  paid  that  at  some 
points  along  the  foot  of  the  Hemagiri  Hill,  about  sixpence  per 
diem  could  be  made  by  washing  certain  sands  for  alluvial  gold. 
In  1872—1873  four  pounds  weight  of  gold  Avas  collected  in  the 
Betmangla  taluk,  and  in  1873 — 1874  six  pounds  weight  of  that 
metal  was  obtained  in  Kolar.  In  1874 — 1875  three  pounds  weight 
of  gold  was  obtained  in  Kolar,  besides  twenty  rupees'  worth  in  the 
Honuali  taluk  of  the  Shimoga  district ;  and  permission  was 
granted  to  a  Mr.  Lavelle,  for  three  years,  to  prospect  for  gold  and 
other  metals.  Leases  for  twenty  years  were,  if  required,  to  be 
subsequently  granted  for  blocks  of  land  of  not  more  than  two 
square  miles,  and  not  exceeding  ten  in  number.  In  1875 — 1876 
we  are  told  that  the  terms  of  the  lease  had  been  modified,  and 
that  prospecting  was  progressing,  but  in  1876 — 1877  we  learn  that 
the  TJrigam  or  Ooregaum  Company  had  not  commenced  operations. 
In  the  reports  for  1877—1878  and  1878—1879  there  is  no  infor- 
mation relative  to  this  subject ;  while  in  the  tables  relating  to 
mines  and  quarries  the  statistics  of  gold  and  ironstone  are  lumped 
together.  In  the  last  report,  however,  1879 — 1880,  it  is  stated 
that  jDotstone  and  iron  ores  are  the  only  minerals  now  worked  in 
the  province. 

The  Kolar  gold-field  is  situated  in  the  province  of  Mysore,  about 
forty  miles  east  of  Bangalore,  on  a  vast  plain  covered  with  grass 
and  scrub.^  The  principal  formation  of  the  district  is  the  granitic 
gneiss  passing  into  a  syenitic  or  hornblendic  variety  of  the  same 
rock.  A  band  of  greenstone  trap,  about  two  miles  in  width, 
traverses  the  district  in  a  north  and  south  direction,  and  it  is  in 
this  rock  that  the  auriferous  reefs  occur. 

Between  this  trappean  formation  and  the  gneiss  to  the  east  of 
it,  broad  bands  of  rock,  including  hornblende  and  mica  schists 
occur ;  while  it  is  bounded  on  the  west  by  a  continuous  ridge  of  a 
banded  ferruginous  quartzose  rock,  rising  in  places  to  a  height  of 
over  200  feet,  and  towards  the  southern  extremity  of  the  field 
showing  evidences  of  contortion.  This  rock  has  in  some  jjlaces  a 
jaspery  appearance,  in  others  is  comj^osed  of  thin  alternate  laminae 

^  Information  kindly  supplied  by  IMr.  J.  H.  Jolms  of  the  Nine  Reefs  Mine. 
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of  quartz  and  siliceous  haematite,  while  in  one  or  two  localities  a 
band  of  iron  ore  opens  out  to  a  Avidth  of  several  feet,  and  appears 
to  have  been  at  one  time  extensively  worked.  Several  bands  of 
schists,  including  hornblendic  schist,  mica  schist  and  chloritic  schist, 
occur  between  this  ridge  and  the  gneiss,  and,  like  the  shales  on  the 
eastern  side,  dip  towards  the  trappean  rocks.  These  are  the  rocks 
which,  as  already  mentioned,  have  been  called  by  Mr,  Foote  the 
Darwhar  series. 

The  band  of  trap  in  which  the  auriferous  reefs  occur,  varies  in 
structure  from  coarsely  crystalline  diorite  to  fine-grained  greenstone, 
the  former  appearing  to  pass  by  slow  graduations  into  the  latter. 
Where  the  crystalline  structure  is  most  fully  developed,  boulders  of 
a  more  or  less  spherical  form  often  lie  scattered  over  the  surface,  or 
form  ridges,  several  of  which  occur  at  various  distances  apart, 
coursing  in  a  north  and  south  direction.  These  surface  boulders 
appear  to  decompose  slowly,  but  portions  of  the  same  rock  brought 
up  from  a  depth  of  thirt}^  or  forty  feet  below  the  surface,  dis- 
integrate rapidly  upon  exposure,  and  scale  off  in  numerous  concentric 
coats. 

The  general  bearing  of  the  quartz  reefs  is  from  4'  to  10°  W.  of 
X.  and  they  invariably  occur  in  the  fine-grained  eruptive  rock. 
Deposits  of  unproductive  quartz,  usually  of  very  limited  extent  both 
in  length  and  in  depth,  are  often  met  with  in  the  more  coarsely 
crystalline  variety.  In  the  reefs  occurring  towards  the  eastern  and 
western  limits  of  this  formation  little  or  no  pyrites  has  been  found, 
but  those  near  the  centre  of  the  mass  contain  a  considerable 
proportion  of  mispickel ;  and  occasionally  a  little  iron  pyrites, 
pyrrhotine  and  chalcojDyrite  are  also  met  with.  The  walls  of  the 
reefs  are  often  faced  more  or  less  thickly  with  chloritic  schist, 
which  occasionally  encloses  garnets.  The  greenstone  is  usually 
decomjDosed  to  a  greater  depth  within  a  few  feet  of  the  reefs  than 
at  a  more  considerable  distance  from  them,  and  the  resulting  clay, 
of  a  greenish-yellow  colour,  is  the  so-called  "  mullock  "  of  Austra- 
lian miners,  which,  when  it  occurs  in  the  form  of  a  horse,  or  as 
strings  in  connection  with  the  reefs,  often  contains  a  little  gold. 

Some  of  these  reefs  have  been  worked  to  considerable  depths 
over  great  lengths,  but  no  records  of  these  former  workings  appear 
to  exist.  They  have  been  generally  worked  by  open-cast,  but  it 
has  not  been  determined  by  what  method  the  reefs  were  attacked 
and  the  water  removed  from  the  workings.  Mr.  Johns  carefully 
examined  a  portion  of  a  reef  standing  in  one  of  the  old  workings 
in  the  Nine  Reefs  Company's  property,  with  a  view  to  discovering 
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the  method  adopted  by  the  former  miners  for  breaking  the  rock  ; 
but  although  it  is  very  hard  and  showed  no  signs  of  decomposition, 
he  could  neither  find  traces  of  bore-holes  nor  anything  to  indicate 
that  borers  had  been  employed.  He,  however,  from  time  to  time 
found  pieces  of  charcoal  in  the  debris  with  which  the  old  workings 
were  filled,  and  this,  in  the  absence  of  any  traces  of  bore-holes, 
would  rather  point  to  the  ancient  method  of  fire-setting  as  that  by 
which  the  reef  had  been  worked. 

This  gold-field  has  been  energetically  developed,  and  has  become 
a  highly  important  one,  and  up  to  1896  may  fairly  be  described  as 
the  only  payable  gold-field  found  in  India  ;  it  is  generally  spoken 
of  as  the  Kolar  or  the  Mysore  gold-field.  The  Dharwar  schists  are 
here  disposed  in  a  narrow  synclinal  fold,  lying  upon  hgematitie 
quartzites  which  vary  from  jaspery  quartzite  to  schistose  sand- 
stone ;  this  strip  of  folded  schists  lies  somewhat  above  the  general 
lev^el  of  the  g-neissoid  or  oranitoid  country  that  surrounds  it.  Rich 
quartz  veins  have  been  developed  in  the  Dharwar  schists,  and  it  is 
noticeable  that  the  richest  mines  lie  just  to  the  eastward  of  the 
axis  of  the  synclinal.  The  main  line  of  reef  upon  which  the  most 
successful  companies,  such  as  the  Mysore,  Ooregum  and  Nundy- 
droog,  are  at  work,  spoken  of  at  times  as  the  Champion  reef,  has 
been  traced  over  3^  miles.  The  reefs  lying  further  east  have  been 
less  productive,  and  those  to  the  west  of  the  axis  decidedly  poor.^ 
The  Champion  reef  has  an  average  width  of  three  feet,  narrowing 
in  some  places  to  a  mere  thread  and  in  others  having  exceptionally  a 
thickness  of  thirteen  feet ;  it  has  a  general  north  and  south 
strike  and  dips  west  about  45°,  Numerous  rich  pay  shoots 
have  been  proved  in  it,  the  one  on  which  the  Ooregum  Mine 
is  working  having  a  length  of  a  thousand  feet  -  and  averaging  2h 
ounces  of  gold  to  the  ton  throughout.  The  total  length  of  pay 
shoots  proved  so  far  is  about  2i  miles ;  the  shoots  have  a  tendency 
to  dip  to  the  northwards.  The  reef  does  not  preserve  a  uniform 
bearing,  but  is  bent,  contorted  and  folded,  as  well  as  intersected 
and  heaved  by  numerous  dykes  of  diorite  and  of  pegmatite.  The 
chief  dyke  is  of  basalt,  200  feet  thick  in  places,  running  nearly 
parallel  to  the  strike  of  the  reefs  but  dipping  to  the  east  at  a  high 
angle.  It  intersects  the  Champion  reef,  and  throws  it  to  the  west. 
The  quartz  of  the  Champion  reef  is  very  free  from  pyrites  and  the 
gold  generally  coarse  and  free.  A  lode  parallel  to  the  Champion 
and   west  of    it,  known  as  Matheson's    reef,  is,  however,  highly 

^  R.  B.  Foote,  loc.  cit. 

-  A.  G.  Charleton,  loc.  cif. 


INDIA 


571 


pyritic.  Extensive  ancient  workings  were  found,  chiefly  upon 
those  parts  of  the  reefs  where  the  gold  was  coarsest ;  some  of  these 
extended  to  a  depth  of  over  300  feet.  The  greatest  depth  yet 
attained  on  this  lode  is  in  the  Mysore  Company's  mine,  being  1,520 
feet  in  the  beoinning  of  1896. 

There  are  several  other  approximately  parallel  lodes  such  as  the 
Oriental  and  the  West  Balaghat,  upon  which  the  gold-fields  of 
Mysore,  Limited,  is  working,  but  these  seem  distinctly  poorer  than 
the  Champion  lode,  the  average  so  far  being  apparently  only  5 
to  6  dwts.  per  ton.  As  will  be  seen  from  the  subjoined  tables, 
the  average  richness  of  the  Champion  lode,  as  developed  in  the 
workings  of  the  leading  companies,  is  about  1  oz.  8  dwts,  to  the 
ton. 

The  following  tables,  compiled  partly  from  the  published  reports 
of  the  various  mining  companies  and  partly  from  statistics  published 
from  time  to  time  by  the  Mining  Journal  and  the  Mining  World, 
will  serve  to  give  an  idea  of  the  rise  and  progress  as  well  as  of  the 
present  importance  of  this  gold-field  : — 

Table  showi>'g  amounts  of  quartz  crushed  a^jd  of  bar  gold  obtained  on 
THE  Col.\r   Gold-field  from   the  commencement  of  operations  up  to 

THE  END   OF    1895. 


Nanie  of  Company.                      Quartz  crushed. 

Bar  gold  obtained. 

Quantity.          '            Value. 

Tons. 

Mysore 370,112 

Ooregum      198,596 

Nundj-droog 137,083 

Champion  Reef      117,759 

Balaghat  Mysore 18,890 

Minor  Companies  (7)     ...              32,215 

Totals      ,         874,655 

1 
Ounces.                           £ 
480,828                1,877,740 
350,369                1,314,777 
181,547                   678,504 
162,738                   622,286 
29,1  >28                   111,178 
!.3,44M                     51,475 

1,217,950               4,655,960 

The  output    of   this   gold-field  in    the  last   six   years    was  as 
follows : — 


Year. 

1890 
1891 
1892 
1893 
1894 
1895 


Quantity  crushed.  Bar  gold  obtained. 

Tons.  Ounces. 

65,596  106,437 

72,107  130,328 

96,615  163.138 

141,118  206,634 

177,624  210,284 

2 13,  .502  257,223 
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Over  Dinety  per  cent,  of  the  total  output  is  the  production  of 
the  four  leading  companies,  whose  returns  were  as  follows  for  the 
year  1895  : — 


Company. 

Quartz              Tailings 
crashed.            treated. 

Bar  gold 
obtained. 

Value. 

1 
i 

Mysore 

Ooregum 

Niindjxlroog   .    .     •  . 

Champion  Reef  .    .    . 

Totals 

Tons. 

60,654 

53,420 

32,975 

52,545 

Tons. 

56,662 

56,945 

7,775 
13,660 

Ounces. 
69,487 
70,349 
38,923 
70,963 

270,911 
263,462     < 
144,080 
271,530 

199,594         135,042 

249,722 

949,983 

Gold  occurs  in  Hyderabad,  or  the  Nizam's  Dominions,  and 
mention  of  it  is  found  in  various  works  published  about  the 
beginning  of  the  jsresent  century.  Within  the  province  of  Orissa 
gold-washing  has  been  carried  on  in  the  Native  States  of  Dhen- 
kanal,  Keonjhar,  Pal  Lahara,  and  Talchir ;  but  as  is  the  case  in 
many  other  parts  of  India,  it  is  on  the  whole  an  unremunerative 
business.  In  Bengal  small  quantities  of  gold  are  disseminated  in 
the  sands  of  the  streams  in  the  Midnapur  and  Bankura  districts,  as 
well  as  in  those  of  the  Chutia  Nagpur  province,  which  includes  the 
greater  portion  of  the  hilly  region  on  the  south-west  frontier  of 
Bengal.  The  localities  in  the  Manbhum  district  in  which  gold- 
bearing  sands  are  known  to  exist,  are  very  numerous,  and  in  its 
more  northern  portion  there  are  probably  but  few  streams  of  which 
the  sands  are  not  to  some  extent  auriferous.  By  a  systematic 
application  of  the  operations  of  two  gold-washers  for  a  period 
extending  over  three  months,  Professor  Ball  ^  was  enabled  to  define 
the  area  in  which  gold  is  comparatively  most  abundant.  The 
results  thus  obtained  were  found  not  only  to  agree  with  the 
traditional  information  of  the  gold- washers,  but  they  also  very 
conclusively  showed  that  the  area  over  which  the  largest  amount 
of  gold  is  disseminated  corresponds  with  a  tract  comprehending 
a  particular  series  of  stratified  rocks.  These,  which  consist  chiefly 
of  mica  schists  and  quartzites,  are  all  included  in  the  sub-meta- 
morphic  series.  Although,  however,  more  gold  was  collected  from 
superficial  dejDOsits  within  this  area  than  elsewhere,  those  portions 
of  the  district  in  which  metamorphic  rocks  are  alone  present  did 

^  Manual  of  (he  Geoloyy  of  India,  part  iii.  1881,  p.  190. 
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not  prove  entirely  barren.  The  boundary  between  these  two 
formations  coincides  with  a  line  drawn  from  Simlapal  on  the  east, 
through  Bara  Bazaar,  to  a  point  a  little  north  of  Ichagarh  on  the 
west,  and  thence  continued  into  the  Chutia  Nagpur  highlands. 
South  of  this  line  sub-metamorphic  rocks  almost  entirely  prevail, 
while  beyond  the  Manbhum  frontier  they  extend  into  Singhbhum 
and  Lohardaga.  During  the  period  of  three  months  before  referred 
to,  a  diary  was  kept  in  which  a  record  was  entered  of  the  amount 
of  gold  obtained  daily,  as  well  as  of  the  character  of  the  rocks 
where  the  different  washings  were  made. 

An  analysis  of  these  several  records  shows  that  in  the  sub- 
metamorphic  rocks  the  average  amount  of  gold  daily  collected 
was  0'4  grain, while  in  the  metamorphic  rocks  it  was  only  0'16  grain. 
With  respect  to  this  very  small  yield  of  gold  Mr.  Ball  remarks  that 
the  washers  were  often  working  on  strange  ground,  and  that  more- 
over they  had  frequently  to  walk  a  distance  of  some  miles  to  the 
point  at  which  their  operations  were  to  commence.  To  the  above 
must  also  be  added  the  fact  that,  their  day's  pay  being  assured  to 
them,  they  contented  themselves  with  a  very  limited  amount  of 
physical  exertion.  In  Singhbhum  gold  occurs  under  nearly  the 
same  conditions  as  in  Manbhum,  except  that  in  the  former  district 
it  would  appear  to  be  entirely  confined  to  the  sub-metamorphic 
rocks.  In  Singhbhum  quartz  veins  are  abundant  in  certain  shales 
and  slates  to  the  north  and  west  of  Chaibassa,  and  it  is  not  im- 
probable that  some  of  these  may  be  auriferous.  In  the  State  of 
Jashpur  the  gold-washers  find  it  more  profitable  to  work  the  ancient 
alluviums  of  the  valleys  than  to  wash  the  more  recent  sands  and 
gravels  of  the  streams.  At  some  distance  from  its  banks,  and  on 
both  sides  of  the  river  Ebe,  there  are  tracts  which  have  been 
completely  honeycombed  with  shafts  of  from  10  to  30  feet 
in  depth  by  successive  generations  of  gold-seekers.  In  the 
Udepur  State  the  gold-seekers  work  in  pits  similar  to  those  on 
the  banks  of  the  river  Ebe  in  Jashpur,  and  the  average  amount 
of  gold  daily  collected  by  each  washer  is  stated  to  be  about 
three  grains. 

Out  of  the  four  divisions  under  which  the  Central  Provinces  are 
classified  the  Xarbada  division  is  the  only  one  which  returns  no 
gold- washers.  The  other  divisions  contribute  as  follows  :  Nagpur 
139,  Jabalpur  52,  and  Chatisgarh  12. 

One  of  the  most  recent  compilations  ^  on  this  subject,  after  an 

^  W.  King  and  T.  A.  Pope,  Gold,  CopiJtr,  and  Ltad  in  Chota  Xagpur,  1891, 
p.  91. 
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exhaustive  review  of  the  history  of  gold-washing  in  Chota  Nagpur, 
lays  down  the  following  conclusions  : — 

"  1.  The  Southern  half  of  the  Chota  Nagpur  province  is  cer- 
tainly an  alluvial  gold  tract. 

"  2.  The  Northern  portion  is  only  veiy  locally  so. 

"  8.  The  proper  alluvial  auriferous  tract  is  confined  to  the  great 
area  of  transition  rocks. 

"  4.  The  more  special  restriction  of  auriferous  washing  to  the 
transition  tracts  shows  that  gold  must  have  been  derived  from 
matrices  in  the  transition  tract,  whether  from  the  country  rock 
itself  or  from  veins  or  reefs  in  it." 

The  transition  rocks  of  the  Dharwar  series  are  in  many  places 
in  this  province  traversed  by  irregular  veins,  veinlets  or  bunches 
of  quartz,  which  seem  occasionally  to  be  auriferous.  Between  1890 
and  1892,  a  number  of  companies  were  formed  to  work  these, 
chiefly  in  the  Sonapet  district,  but  in  every  case  with  disastrous 
failure.  Most  of  them  commenced  work  on  narrow  bedded  and 
irregular  fissure  veins  of  quartz  running  in  micaceous  and  horn- 
blendic  schists  and  other  metamorphic  rocks.  The  strike  of  the 
veins  was  generally  east  and  west,  with  a  steep  dip  to  the  south  ; 
the  quartz  was  at  times  mineralised  by  small  quantities  of  iron 
pyrites,  arsenical  jjyrites  and  galena,  and  occasionally  gave  assays 
of  a  few  pennyweights  of  gold,  especially  near  the  surface.  Quartz 
showincf  free  gold  was  also  said  to  have  been  met  with.  It  is  very 
doubtful  if  an^^thing  more  than  a  few  ounces  of  gold  was  ever 
obtained  from  the  entire  district,  and  the  general  appearance  of 
the  deposits  was  unpromising  in  the  extreme.  It  is,  however, 
rumoured  in  1896  that  a  payable  reef  has  been  found  in  Chota 
Nagpur.  The  alluvial  gold  of  the  district  is  extremely  poor  and  in 
very  small  quantity,  only  suitable  for  working  on  the  smallest 
scale  by  the  natives,  none  of  whom  seem  to  subsist  by  gold-washing 
alone.  The  gold  is  generally  exceedingly  fine,  although  it  is  said 
that  fair-sized  pieces  have  exceptionally  been  met  with.  The 
whole  district  is  everywhere  covered  with  quartz  ddbris  in  immense 
quantity  ;  it  is  usually  white,  stony,  and  quite  barren  of  gold. 

It  is  stated  that  in  Rajputana  gold  dust  was  formerly  obtained 
from  the  sands  of  the  Luni  and  Khari  rivers,  but  gold-washing 
appears  to  be  no  longer  carried  on  in  that  country. 

In  the  Presidency  of  Bombay  the  districts  of  Dharwar,  Belgaum, 
and  Kaladgi,  in  the  Southern  Mahratta  country,  with  the  province 
of  Kattywar,  include  all  the  known  gold-bearing  rocks.     Mr.  R.  B. 
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Foote,^  of  the  Geological  Survey,  regards  the  metamorphic  rocks  of 
the  gold-bearing  areas  of  the  Dharwar  district  as  belonging  to 
three  distinct  groups,  each  characterised  by  specific  lithological 
peculiarities.  These  he  distinguishes  as  the  Dhoni,  Kappatgode, 
and  Surtur  groups. 

The  Dhoni  group  is  composed  of  haeraatitic,  hornblendic,  chloritic 
and  micaceous  schists,  with  which  are  associated  several  beds  of 
white  and  grayish  limestone.  Above  this  comes  the  Kappatgode 
group,  consisting  of  hgematitic  and  argillaceous  schists,  which  are 
frequently  mottled,  but  of  which  the  prevailing  colours  are  white 
or  reddish  buff.  The  third,  or  Surtur  group,  is  made  up  of  horn- 
blendic and  chloritic  schists  associated  with  massive  dolerite. 
Quartz  veins  occur  throughout  these  groups,  but  according  to  the 
native  washers  auriferous  sands  are  found  only  in  streams  rising  in 
the  Surtur  series. 

In  the  Surtur  group  the  outcrops  of  the  quartz  reefs,  which 
•usually  run  parallel  with  the  bedding,  have  generally  been  more 
or  less  broken  up  by  gold  seekers ;  in  the  other  groups  the  quartz 
veins  often  course  across  the  strata.  The  Hati  Kati  Reef  is  in  the 
Kappatgode  series,  and  in  its  ddhris  Mr.  Foote  found  traces  of 
visible  gold.  This  reef  contains  iron  pyrites,  besides  other  sul- 
phides, and  it  has,  to  some  extent,  been  opened  at  the  outcrop  by 
rude  sinkings  and  shallow  trenches  indicative  of  native  mining. 

It  has  been  stated  that  all  the  rivers  of  the  Punjab,  the  Ravi 
^ilone  excepted,  contain  auriferous  sands,  and  although  this  may 
not  be  literally  correct,  it  is  still  an  undoubted  fact  that  the  rivers 
and  streams  of  this  province  do,  as  a  general  rule,  contain  gold. 
This  is  equally  true  with  regard  to  those  rising  in  distant  ranges  of 
•crystalline  rocks,  as  well  as  of  those  having  their  sources  in  lower 
detrital  hills  of  Tertiary  age.  The  practice  of  gold-washing  is  in 
the  Punjab  doubtless  of  considerable  antiquity,  and  under  the  Sikh 
Government  the  taxes  upon  this  industry  amounted  to  one-fourth 
of  the  gross  produce.  Now,  however,  as  in  most  other  parts  of 
India,  the  income  from  this  source  has  either  dwindled  to  very 
small  proportions  or  has  become  entirely  extinct.  The  districts  of 
the  Punjab  in  which  gold  occurs  are  Bannu,  Peshawur,  Hazara, 
Rawalpindi,  Jhilam,  Amballa,  and  certain  Native  States. 

Assam  has  long  been  famous  for  its  production  of  gold,  and  it 
has  been  stated  by  various  authors  that  all  its  rivers  contain  gold- 
bearing  sand ;  some,  however,  limit  this  general  statement  to  those 

1  Iierorrl-^  Geol.  Surv.  Ind.,  viii.  1874,  p.  1.33  f  vV/ewi.  Geo.  Surv.  Ind.  xii.  1876, 
p.  259. 
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which  rise  in  the  nortliern  hills.  It  would,  however,  appear  that 
thei'e  are  few  streams  in  the  districts  of  Darrang,  Sibsagar,  and 
Lakhimpur  which  do  not  yield  gold.  A  large  proportion  of  the 
gold  obtained  in  Assam  is  apparently  derived  from  the  degradation 
of  rocks  of  Tertiar}^  age ;  that,  however,  which  is  found  in  the 
upper  reaches  of  the  Brahmaputra  probably  comes  directly  from 
the  crystalline  rocks. 

Within  the  limits  of  British  Bunna  gold  has  been  found  in 
the  beds  of  the  Irawadi  and  some  of  its  tributaries,  in  the  Pegu 
division,  and  in  the  beds  of  the  Sittang  and  its  tributaries.  The 
Tavoy  river  and  the  Great  Tenasserim  and  its  tributaries  in  the 
Tenasserim  division,  also  contain  auriferous  sands,  but  o-old- 
washing  would  appear  to  be  by  no  means  a  remunerative  business. 
In  the  Upper  Irawadi  at  Bhamo  and  near  Thingadhaw,  gold  is 
obtained  from  auriferous  sands.  Some  miles  nearly  due  south  of 
the  last  locality  is  a  small  rivulet  the  sands  of  which  are  auriferous, 
and  where,  it  is  stated,  each  washer  could  earn  the  equivalent  of 
three  shillings  a  day.  A  few  miles  nearer  Thingadhaw  the 
Ponnah  creek  contains  gold,  but  the  washers  are  described  as 
being  miserably  poor.  Quartz  mining  has  recently  been  started 
by  an  English  Company  at  the  Chontupazat  Mine  near  Nankan 
in  Upper  Burma. 

Silver. — Although  the  natives  of  some  parts  of  India  Avere 
able  long  ago  to  separate  gold  from  silver,  and  to  extract  the  latter 
metal  from  argentiferous  galena,  there  appears  to  be  no  direct 
evidence  that  silver  was  ever  largely  produced  in  the  country. 
The  extraction  of  silver  from  argentiferous  galena  is  probably  still 
practised  in  Kandahar  and  Kashmir,  but  the  only  region  in  which 
this  industry  is  regularly  carried  on  is  in  the  Shan  States  which 
are  tributary  to  Siam.  Specimens  of  silver  ore  and  even  of  native 
silver  are  stated  to  have  been  found  in  many  parts  of  India,  but 
the  quantity  has  always  been  exceedingly  small,  and  in  many 
cases  further  evidence  of  its  occurrence  in  the  localities  indicated 
would  be  desirable.  It  folloAvs  that  any  silver  which  may  have 
been  hitherto  found  in  India  otherwise  than  in  association  with 
galena,  is  of  greater  mineralogical  interest  than  commercial 
importance. 

Lead. — At  the  present  time  lead  is  produced  in  Britisli  India 
in  very  small  quantities  only,  although  there  is  probably  no  metal, 
with  the  exception  of  iron,  of  which  the  ores  were  formerly  so 
extensively  worked.  Evidence  of  this  is  afforded  by  the  extent  of 
the  ancient  lead  mines  of  Southern  India,  Rajputana,  Balochistan, 
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and  Afghanistan.  According  to  Mr.  George  Watt/  "  Lead  mining 
in  India  may  be  said  to  be  at  present  practically  in  a  dormant 
condition." 

In  the  Presidency  of  Madras  lead  ores  have,  been  found  ;  in 
Kadapah,  at  Jungumrazpilly  and  Cotelur;  in  Karnul,  at  Gazal- 
pully  and  Koilkontla;  in  Bellary,  in  the  Sandur  Hills;  and  in 
Palnad  at  Karampudi.  Mr.  King  describes  the  Jungumrazpilly 
mines  as  follows :  "  The  old  and  now  deserted  lead  workings  are 
at  the  south  end  and  east  side  of  the  low  ridge,  just  north-north- 
east of  the  village.  The  pits  or  galleries  have  been  excavated 
between  beds  of  dark  gray  siliceous  limestone  which  is  impreg- 
nated with  strings  of  white  and  dull  blue  quartz.  These  rocks 
are  referred  to  the  Cumbum  division  of  the  Nallamallay  group 
of  the  Karnul  series.  Granular  sulphide  of  lead  is  dissem- 
inated in  very  small  quantities  through  the  blue  quartz.  In 
the  white  quartz  there  are  faint  traces  of  copper.  The  strings  of 
quartz  have  been  deposited  in  north-north-east  and  south-south- 
west fissures,  having  a  dip  of  60°  westward,  the  strata  lying  at  50° 
E.  by  N.  The  old  Avorkings  are  to  a  great  extent  filled  up  with 
the  excavated  fragments  of  rock  and  are  now  overgrown  with 
jungle."-  Lead  ores  from  this  locality  contain  from  lOi  to  IS^  oz. 
of  silver  per  ton.  The  origin  of  these  extensive  excavations  is  lost 
in  obscurity,  although  it  is  known  that  the  mines  were  wrought  by 
the  Hindu  kings  of  Bijanagar,  and  subsequently  by  the  Moham- 
medan nawabs  of  Kadapah  in  the  time  of  Halim  Khan.  They 
were  afterwards  worked  by  Hyder  and  Tipu,  the  latter  of  whom 
is  said  to  have  destroyed  all  documents  relating  to  them. 

In  Bengal,  within  the  limits  of  the  Bhagalpur  division,  lead 
ores  have  been  found  in  the  Sontal  Parganas  district  at  or  near 
the  following  localities:  Sankera  Hills,  Tiur  Hill,  Bairuki,  and  at 
Panch-Pahar  or  Akasee. 

In  the  Province  of  Chutia  Nagpur  lead  ores  have  been  found 
in  Manbhum  at  Dhadka ;  in  Hazaribagh  at  Mahabawh,  Barao-unda. 
Mehandadi,  Barhamasia,  Nawada,  Khesmi,  Mukundganj,  Parseya 
and  Hisatu ;  in  Lohardaga  at  Barikhap  and  Sili ;  in  Sirguja  at 
Bhelounda  and  Chiraikund.  In  all  these  places  the  rocks  in 
which  the  veins  occur  belong  to  the  metamorphic  series.  At 
Dhadka  in  the  Manbhum  district  in  a  hill  of  mica  schist  close 
to  a  village  called  Jani  Jor,  near  an  outlying  house  belonging  to 
the  village  of  Dekia,  a  deposit  of  galena  was  discovered  in  1869  by 

'  Revitin  of  Mineral  Production  in  India  for  1804,  p.  22. 
-  Mem.  Geol.  Sure.  Iiul.  \nii.  1872,  p.  273. 
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some  Kumars  when  searching  for  iron  ore.  The  galena  from  this 
locality  contains  from  CO  to  80  oz.  of  silver  per  ton  of  ore,  and 
occurs  in  lenticular  masses  associated  with  hasmatite  and  quartz 
in  a  true  lode,  Messrs.  King  and  Pope  (op.  oit.),  writing  in  1891, 
can  say  nothing  more  definite  than  that  the  evidence  respecting 
the  occurrence  of  lead  and  copper  in  Chota  Nagpur,  "  is  strongly 
in  favour  of  a  presumable  workable  development  in  many  places." 
Lead  ore  from  Hisatu  is  first  mentioned  in  a  letter  addressed  to 
Warren  Hastings  and  the  Council,  dated  Calcutta,  1777.  At  the 
present  time  the  old  excavations  and  debris  so  obscure  the  outcrop 
at  this  place,  that  without  making  fresh  openings  it  would  be  im- 
possible to  form  any  opinion  as  to  the  precise  nature  of  the 
deposit.  The  neighbouring  rocks  are  gneiss  with  hornblendic  and 
micaceous  schists. 

In  the  Central  Provinces  lead  ores  have  been  found  in  Sam- 
balpur  at  Talpuchia,  Jhunan,  and  Padampur ;  in  Raipur  at 
Chicholi ;  in  Nagpur  at  Nimbha  ;  in  Jabalpur  at  Sleemanabad, 
and  in  Hoshangabad  at  Joga.  With  but  two  exceptions  these 
deposits  occur  in  metamorphic  rocks ;  the  exceptions  being  Padam- 
pur, where  the  countiy  rock  is  a  limestone  belonging  to  the 
Vindhvan  series,  and  Jocja,  where  galena  occurs  in  limestone  of 
lower  transition  age.  The  existence  of  galena  on  the  banks  of 
the  Mahanadi,  near  Jhunan  in  the  Sambalpur  district,  was  known 
by  local  tradition,  but  the  exact  spot  where  it  occurs  was  not 
discovered  until  1874,  when  by  cutting  trenches  at  right  angles  to 
the  granitic  rocks  a"  lode  containing  that  mineral  was  discovered. 
The  lode,  where  opened  upon,  was  from  16  to  19  inches  in 
width,  the  veinstone  was  principally  composed  of  quartz,  and  the 
galena  obtained  from  it  yielded  lead  containing  12  oz.  5  dwt.  of 
silver  per  ton.  In  the  year  1875  a  cutting  was  made  with  a  view 
of  tracing  this  lode  inland  from  the  banks  of  the  river,  but  there 
being  no  one  on  the  spot  capable  of  carrying  on  the  operations, 
the  alluvial  covering  was  not  sufiiciently  removed  to  determine 
whether  the  lode  was  continuous  or  otherwise.  In  the  year  1868 
a  discovery  of  galena  was  made  by  some  stone-breakers  who  were 
employed  in  preparing  road  metal,  about  three  miles  west  of 
Chicholi  in  the  Raipur  district.  Specimens  of  galena  subsequently 
examined  contained  about  10  oz.  of  silver  per  ton  of  lead.  The 
locality  was  visited  by  Mr.  W.  T.  Blanford  ^  in  1870,  who  describes 
the  ore  as  occurring  in  a  true  vein,  largely  composed  of  quartz, 
traversing  granite  or  granitoid  gneiss  and  hornblende  schist  passing 

^  Eecords  Geol.  Sun:  Ind.  iii.  1870,  p.  44. 
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into  diorite.  In  addition  to  quartz  the  vein  contains  pink  felspar^ 
green  and  purple  fluor  spar,  epidote,  and  traces  of  the  carbonates  of 
copper.  The  galena  is  thinly  disseminated  through  the  veinstone, 
but  Mr.  Blanford,  on  the  whole,  did  not  consider  the  indications 
unfavourable. 

Galena  occurs  in  Ajmir,  Alwar  and  Udepur  in  Rajputana,  and 
has  been  mined  for  somewhat  extensively  at  the  foot  of  the  Tara- 
garh  Hill,  close  to  the  city  of  Ajmir,  the  other  localities  being  of 
less  importance.  The  mines,  of  w^hich  considerable  traces  still 
exist,  were  at  one  time  farmed  by  the  Mahrattas,  and  it  is  stated 
that  their  suspension  was  due  to  the  Mutiny  and  the  desire  of  the 
Government  to  prevent  the  extraction  of  lead  which  might  be  used 
for  the  manufacture  of  bullets.  According  to  Mr.  Hacket  ^  the  ore 
occurs  in  a  number  of  approximately  parallel  veins,  traversing 
a  quartzite  of  sub-metamorphic  or  upper  transition  age  in  nearly 
the  same  direction  as  the  strike  of  the  rocks.  The  galleries  fol- 
lowed the  courses  of  these  veins,  and  were  only  sufficiently  large  to 
allow  of  the  miners  crawling  through  them.  The  ores  were  brought 
to  the  surface  in  baskets,  which  were  passed  from  hand  to  hand  by  a 
number  of  coolies  seated  within  reaching  distance  from  one  another. 
A  considerable  discrepancy  exists  in  accounts  relative  to  the 
amount  of  lead  produced  at  these  mines.  In  1830,.  Captain  Dixon 
placed  it  at  only  42  tons  10  cwts.  per  annum  ;  on  the  other  hand, 
it  is  stated  in  the  local  gazetteer,  as  well  as  in  the  Settlement 
report,  that  about  the  year  1818  their  annual  production  was 
from  340  to  400  tons  of  metallic  lead.  None  of  the  accounts 
of  these  mines  mention  silver  as  occurring  in  the  ores.  In  1846 
the  Ajmir  magazine  ceased  to  receive  the  metal  produced,  and  the 
mines  were  consequently  abandoned. 

In  Bombay  galena  occurs  in  Jubhan,  and  at  Khandelav  Lake 
in  the  Panch  Mahals  district  in  Gujarat.  The  galena  contains 
about  five  ounces  of  silver  to  the  ton  of  ore.  No  attempt  to  work 
these  mines  has  been  made  since  1874. 

In  Balochistan  there  are  ancient  lead  mines  at  Sekran,  but 
they  are  now  deserted.  These  mines  are  described  as  having  been 
very  extensive,  and  it  is  stated  that  they  formerly  employed  200 
men.  The  vast  quantities  of  slag  found  in  the  district  testify  to 
the  once  great  extent  of  the  industry. 

In  the  Punjab  Himalayas  there  are  a  number  of  localities, 
especially  in  the  Kulu  and  Simla  districts  and  in  the  Sirmur 
State,  where  lead  ores  occur,  which,  in  some  cases,  have  been  worked 
1  Records  Geol.  S7in:  Ind.  xiii.  1880,  p.  247. 
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on  a  very  limited  scale.  In  the  Simla  district  galena  occurs  on  the 
east  bank  of  a  stream  near  the  village  of  Chapla,  where  the  vein 
runs  parallel  to  the  bedding  of  the  rocks,  which  are  slates 
intercalated  with  thin  beds  of  limestone.  Mining  and  smelting 
were  for  some  time  carried  on  in  this  locality  under  European 
management,  but  as  all  operations  have  now  ceased,  it  may  be 
concluded  that  the  undertaking  was  not  a  profitable  one.  On  the 
banks  of  the  Tons  river,  about  twenty-five  miles  above  Kalsi,  is 
a  tract  of  country  surrounding  Svvinj,  partly  included  in  Sirmur 
and  partly  in  Jaunsar,  where  lead  mining  has  been  somewhat 
extensively  carried  on.  Mr.  H.  B.  Medlicott,  who  visited  this 
locality  in  1862,  says  that  only  one  mine  was  then  open.  He 
describes  the  lode  as  being  about  two  feet  in  width,  well  defined, 
and  with  a  dip  at  an  angle  of  TO""  towards  east-north-east. 
The  galena  exists  chiefly  in  the  form  of  a  regular  leader 
near  the  foot  wall ;  there  is,  however,  another  distinct  band,  con- 
sisting chiefly  of  quartz,  containing  blende,  galena  and  iron 
pyrites.  The  rocks  in  which  this  vein  is  enclosed  consist  of  slates 
and  limestones  of  the  Krol  and  Infra-Krol  groups. 

Within  the  limits  of  Assam  there  appears  to  be  no  record  of 
any  discovery  of  lead  ore,  but  there  is  undoubted  ground  for 
believing  that  considerable  deposits  must  exist  at  no  great 
distance  beyond  its  frontiers.  Lead  ores  occur  in  numerous 
localities  in  British  Burma,  but  little  is  known  either  of  the 
nature  or  the  extent  of  the  deposits.  Native  Burma  and  the 
surrounding  States  are  believed  to  produce  large  quantities  of  lead. 
In  Tenasserim  lead  ore  is  said  to  occur  in  limestone  of  Car- 
boniferous age.  The  exact  character  of  these  deposits  does  not 
appear  to  have  been  placed  on  record,  but  there  would  seem  to 
have  been  some  crude  attempts  made  to  work  a  few  of  them.  It 
must  not  be  forgotten  that  in  semi-civilised  countries  with  but 
imperfect  means  of  cominunication,  it  is,  as  a  rule,  only  deposits  of 
the  precious  metals  that  can  be  worked  with  profit  by  Europeans, 
and  that  are  consequently  sought  for,  because  the  relatively  high 
cost  of  freight  in  the  case  of  the  commoner  metals  would  mostly 
prove  prohibitive,  however  rich  the  deposit  itself  might  be. 

Copper. — 'The  copper  ores  of  Peninsular  India  occur  in  the 
older  crystalline  or  metamorphic  rocks,  as  well  as  in  various 
groups  of  transition  age.  In  Extra-Peninsular  India  they  are 
found,  for  the  most  part,  in  highly  metamorphosed  rocks,  the 
precise  relations  of  which  to  those  of  the  Peninsula  have  not 
in  all  cases  been  determined.      As  a  rule,   to  which    there   are 
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but  few  exceptions,  the  copper  ores  of  India  do  not  occur  in  true 
lodes,  but  are  either  sparsely  disseminated  through  the  rocks 
which  contain  them  or  are  locally  concentrated  in  patches  and 
bunches ;  occasionally  also  fissures  have  by  infiltration  become 
filled  with  ores,  and  veins  on  a  small  scale  have  thus  been  pro- 
duced. Both  in  the  Peninsular  and  Extra-Peninsular  regions 
there  are  ancient  mines  of  great  extent  whose  history  is  lost  in 
remote  antiquity,  but  working  for  copper  ores  is  now  carried  on 
only  on  the  most  limited  scale. 

•  In  the  Madras  Presidency  traces  of  copper  in  greater  or  less 
abundance  are  found  in  Trichinopoli,  Bellary,  Kadapah,  Karnul 
and  Nellore.  Some  of  the  most  extensive  copper  mines  of  this 
part  of  India  are  situated  in  the  Nellore  district,  in  the  vicinity  of 
the  villages  of  Gunuipenta  and  Yerrapilly.  The  natives  of  the 
locality  attribute  the  working  of  the  earliest  mines  to  the  kings 
of  Bijanagar;  and  after  the  fall  of  the  Hindu  empire  in  1564  it 
is  believed  that  the  Mogul  conquerors  and  the  agents  of  Tipu  and 
Hyder  successively  carried  on  mining  operations.  The  excavations 
are  described  as  beino-  of  oreat  mao-nitude,  and  extensive  mounds 
of  copper  slags  testify  to  the  fact  of  large  quantities  of  ore  having 
been  smelted  upon  the  spot.  The  principal  ancient  mines  are 
thirt}'  miles  north  of  Yerrapilly,  in  the  neighbourhood  of 
Gorganpully ;  they  are  said  to  be  100  feet  in  depth,  and  to 
extend  over  a  length  of  several  hundred  feet.  The  Nawab 
of  the  Carnatic  is  stated  to  have  worked  mines  in  the  Venka- 
tagiri  taluk  previous  to  the  year  1780,  and  that  they  were  only 
given  up  on  the  assumption  of  the  country  by  the  British. 
The  first  attempt  to  work  the  mines  of  this  locality  by  Europeans 
was  made  in  1803,  since  which  time  operations  have  at  various 
periods  been  resumed,  but  on  each  occasion  the  workings  resulted 
in  pecuniary  loss.  The  information  which  is  ]30ssessed  relative 
to  the  nature  and  extent  of  these  deposits  is  far  from  complete, 
although  it  is  certain  that  very  rich  copper  ores  have  been  obtained 
from  the  mines. 

In  Bengal  at  Bairuki,  in  the  Deoghur  district,  copjaer  ore  was 
discovered  by  a  native  in  the  year  1849.  The  report  of  this 
discovery  created  at  the  time  a  good  deal  of  excitement,  although 
it  does  not  ajjpear  that  a  company  for  wcfrking  the  mine  was  ever 
formed.  Mr.  Barratt,  an  English  mine  agent,  however,  rejJorted 
favourably  on  the  property,  stating  that  the  ore  occurred  in  a 
chamijion  lode  0  feet  thick.  In  the  Singhbhum  district,  and  in 
the  State  of  Dlialbhum,  are   probably  the   most  widely  extended 
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copper  deposits  known  in  Peninsular  India.  Traces  of  copper  ores 
usually  marked  by  the  presence  of  ancient  excavations  here  extend 
at  intervals  over  a  distance  of  about  seventy-six  miles.  The 
copper  ores  appear  to  exist  on  a  well-defined  horizon  close  to  the 
base  ^of  the  transition  system  of  rocks.  As  a  rule  the  ores  are 
disseminated  through  bands  of  schist,  the  dip  of  which  corresponds 
to  that  of  the  adjacent  strata ;  in  some  places,  however,  they 
would  seem  to  occur  in  more  or  less  regular  veins.  Indications 
exist  of  mining  and  smelting  having  been  carried  on  in  this  region 
from  a  very  early  period,  the  available  evidence  pointing  to  the 
Seraks  as  being  probably  the  first  to  inaugurate  working  in  this 
locality.  The  number  and  extent  of  the  ancient  workings  testify 
to  the  assiduity  with  which  every  trace  of  ore  was  followed  both 
by  the  early  pioneers  and  subsequently  by  those  who  ^succeeded 
them  in  more  recent  times.  Mining  under  European  management 
was  commenced  at  Landu  and  Jamjura  in  1857,  and  for  a  short 
period  from  60  to  65  tons  weight  of  copper  ore  were  turned  out 
monthly,  but  either  from  injudicious  expenditure,  or  through  the 
poverty  of  the  deposit,  operations  were  abandoned  in  1859. 

Mining  in  this  district  was  resumed  at  Rakka^  in  1891  ;  a  shaft 
was  sunk  to  a  depth  of  248  feet,  and  passed  through  two  beds  of 
workable  copper  ore.  The  upper  bed  was  about  2  feet  thick,  and 
consisted  of  quartzite,  heavily  charged  with  copper  pyrites ;  the 
other  one,  some  50  feet  below  the  former,  was  about  3  feet  in 
thickness,  and  showed  a  central  band  some  eight  inches  in 
thickness  of  almost  solid  copper  pyrites.  In  addition,  the 
formation — chloritic  schist  with  strings  of  quartz — was  im- 
pregnated with  the  same  mineral  for  a  thickness,  as  proved  by 
cross  cuts,  of  359  feet.  The  general  strike  of  the  beds  is  east  and 
west,  and  their  dip  45"  to  the  north. 

The  excavations  which  mark  the  position  of  the  ancient 
workings  at  Baragunda  in  the  Hazaribagh  district  are  situated 
along  a  line  of  outcrop  of  metamorphic  rocks,  which  form  a  ridge 
three-fourths  of  a  mile  long  between  the  villages  of  Parsabera  and 
Baragunda.  These  rocks  consist  of  quartzite  and  granulite 
gradually  passing  into  gneiss,  associated  with  micaceous,  talcose 
and  hornblendic  schists.  The  excavations  at  this  place  are  very 
extensive,  but  nothing  is  known  either  as  to  their  date  or  origin. 
Although  some  of  the  specimens  obtained  from  this  locality  show 
that  it  many  cases  the  ore  occurs  as  a  constituent  of  the  schists, 

1  Robert  Gates,  "  The  Copper  and  Tin  Deposits  of  Chota  Nagpore,'  Trans 
Fed.  Inst.  Min.  Ewj.  ix.  1894,  p.  427. 
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others  woukl  apparently  indicate  the  presence  of  deposits  parallel 
to  the  bedding.  Dr.  McClelland  mentions  the  occurrence  of  large 
quantities  of  copper  slags,  covering  several  acres  of  ground,  at  the 
village  of  Giridi,  about  two  miles  distant  from  the  mines,  where, 
in  the  vicinity  of  fuel  and  water,  the  ores  were  evidently 
smelted. 

Work  was  recommenced  at  Baragunda  ^  in  1882,  but  stopped 
agfain  in  1891,  when  the  existence  of  a  bed  of  mica  schist,  full  of 
garnets,  and  so  impregnated  with  copper  pyrites  as  to  assay  1  per 
cent,  of  copper,  was  ascertained.  The  bed  varies  from  7  to  22  feet 
in  thickness,  averaging  about  14  feet.  Galena  and  zinc  blende  in 
small  quantities  are  also  found  in  it. 

In  the  Central  Provinces  copper  ores  are  known  to  exist  in 
Raipur,  at  Chicholi;  in  Jabalpur,  at  Sleemanabad  ;  Narsinghpur, 
at  the  Birman  Ghat ;  and  in  Chanda,  near  Thana  Wasa.  At  the 
Birman  Ghat,  in  the  Narsinghpur  district,  copper  ores  were 
discovered  in  the  year  1873  on  a  small  island  in  the  bed  of  the 
Narbada  river.  Mining  operations  were  commenced  shortly  after- 
wards, and  a  parcel  of  ore  which  Avas  sent  to  England  for  sale  is 
reported  to  have  paid  its  expenses.  Shortly  after  the  ground  was 
first  opened  the  band  of  metalliferous  rock  was  stated  to  have  a 
thickness  of  six  feet.  The  results  of  subsequent  operations  are 
not  recorded,  but  the  mine  was  ultimately  abandoned. 

Copper  ores  are  found  in  several  of  the  independent  States  of 
Rajputana,  as  well  as  in  the  British  district  of  Ajmir.  In  these 
regions  mining  was  formerly  carried  on  upon  a  very  extensive 
scale,  but  at  present  the  business  of  the  miner  has  become  all  but 
extinct,  since  operations  are  carried  on  in  but  few  localities,  and 
always  upon  the  most  limited  scale.  Mines  occur  in  the  States  of 
Alwar,  Bhartpur,  Jaipur,  Udepur,  Bundi  and  Bikanir.  At  Daribo, 
in  the  Alwar  State,  there  are  mines  situated  on  a  sharp  anticlinal 
curve  in  a  thin  band  of  black  slates  intercalated  in  quartzites. 
There  appears  to  be  no  true  lode  at  this  place,  and  the  ore,  which 
IS  copper  pyrites  mixed  with  mispickel,  occurs  irregularly  dissemi- 
nated through  nearly  black  slates,  nests  of  ore  being  also  occa- 
sionally met  with.  The  ore,  as  is  usual  in  the  native  process,  is 
pounded,  made  into  balls  with  cow-dung,  roasted,  smelted  with 
charcoal,  and  afterwards  refined  in  an  open  fire.  During  some 
twelve  years  the  average  annual  yield  from  this  locality  only 
amounted  to  3  tons   8  cwts.,  and  this,  owing  to   the    infiux    of 

'  Robert  Gates,   "  The  Copper  and  Tin  Deposits  of  Chota  Nagpore,"   Trans. 
Fed.  InM.  Min.  En<j.  ix.  1894,  p.  427. 


584  ORE    DEPOSITS  part  ii 

European  cojjper,  is  gradually  diminishing.  Small  quantities  of 
the  sulphates  of  copper  and  iron  are  obtained  by  Avashiug  the  mine 
refuse.  At  Singhana,  in  the  Jaipur  State,  the  mines  are  described 
as  consisting  of  tortuous  galleries  of  great  extent.  At  the  working 
face  fires  were  lit,  which  caused  the  rock  to  split  up,  and  the 
loosened  fragments  were  subsequently  detached  by  the  aid  of 
wedges.  The  jDrincipal  entrance  to  the  mine  is  by  a  gallery  driven 
into  a  ridge  of  quartzite  in  the  direction  of  its  strike,  and  at  a 
point  several  hundred  feet  above  the  level  of  the  plain.  This 
gallery  is  sometimes  60  feet  in  width,  is  of  considerable  height, 
and  from  it  three  separate  galleries  strike  off  into  the  hill.  In 
these  there  is  scarcely  a  trace  of  ore  remaining,  and  all  the  ends 
are  concealed  by  fallen  debris  or  by  accumulations  of  water. 
These  mines  have  long  since  been  abandoned  on  account  of  their 
general  poverty,  but  considerable  quantities  of  blue  vitriol,  alum, 
and  copj)eras  are  still  manufactured  from  decomposed  slate  and 
other  refuse  from  the  old  workings.  At  Khetri  there  are  workings 
very  similar  to  those  of  Singhana.  The  ores  are  here  sold  by 
auction  to  Mohammedan  merchants,  by  whom  they  are  smelted  in 
small  blast  furnaces  blown  by  hand  bellows  ;  the  manufacture  of 
blue  vitriol,  copperas,  and  alum  is  actively  carried  on  at  these 
mines. 

According  to  Mr,  Ball,  there  is  no  authentic  information  with 
regard  to  the  existence  of  copper  mines  either  in  Bombay  or  in 
Balochistan,  but  in  Afghanistan  a  copper-producing  district  is 
known  to  exist  between  Kabul  and  Kuram.  In  the  Punjab, 
copper  deposits  are  by  no  means  numerous,  and  none  of  them 
possess  any  particular  importance. 

In  the  North-West  Provinces,  th?  districts  of  Kumaun  and 
Garhwal  have  long  attracted  attention  through  their  copper 
mines.  These  were  first  examined  by  a  Cornish  miner  so  long  ago 
as  1838,  and  were  subsequently  worked  at  various  times  until  the 
year  1855,  when  they  were  visited  by  Mr.  W.  J.  Henwood,  who 
came  to  India  for  the  purpose  of  examining  and  reporting 
upon  the  metalliferous  deposits  of  Kumaun  and  Garhwal.  Mr. 
Kenwood's  rej^ort  deals  j^i'ii^cipally  with  the  iron  ores  of  the 
country,  but  he  also  devotes  several  pages  to  copper  deposits,  with 
which  he  was  not,  on  the  whole,  favourably  impressed. 

The  district  in  which  the  Sira  mines  are  situated  consists,  for 
the  most  part,  of  clay  slate,  in  which  traces  of  copper  are  numerous. 
Several  neighbouring  deposits  have  from  time  to  time  been 
examined,  but  mining  oj^erations  of  any  extent  have  been  confined 
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to  one  only,  in  which  copper  ores  occur  in  a  stratum  parallel  to  the 
bedding  of  the  adjoining  rocks.  The  ore-producing  floor  is  from 
two  to  three  feet  in  thickness,  but  is  at  intervals  enlarged  by  the 
falling  into  it  of  metalliferous  strings  of  quartz.  Its  principal 
constituents  are  quartz  and  talc,  but  the  former,  frequently  mixed 
with  a  little  calcite,  is  by  far  the  more  abundant  ingredient. 
Although  sometimes  accom23anied  by  iron  pyrites,  chalcopyrite  is 
the  most  plentiful  ore,  and  occurs  in  the  form  of  short  narrow 
veins,  small  bunches,  and  scattered  granules.  In  the  richest 
portions  of  the  deposit  it  is,  however,  veiy  thinly  distributed 
throughout  the  matrix. 

The    Danda    Mine  is  situated  near  the  top  of  a  rugged  and 
precipitous  mountain,  the  ridge  of  which  is  talcose  slate,  and  the 


Fig.  106.— Danda  Mine  ;  section. 


middle  chloritic  slate,  while  the  base  is  composed  of  a  mixture  of 
the  two  rocks  in  thin  alternate  layers.  The  chloritic  slate  is  at 
intervals  interstratified  with  thin  lenticular  beds  of  quartz,  few  of 
which  exceed  three  feet  in  length  or  are  more  than  six  inches  in 
thickness.  Occasionally  chlorite  is,  to  some  extent,  diffused 
through  this  quartz,  which  is  also  sparingly  mingled  with  iron 
pyrites  and  chalcopyrite.  Fig.  106,  after  Mr.  W.  J.  Henwood, 
represents  a  section  at  the  Danda  Mine,  in  which  A  is  talcose 
slate,  B  chloritic  slate,  a  the  metalliferous  quartz,  and  l>  joints. 

At  Dhanpur  or  Dhunpoore  the  slate  rock  of  the  neighbour- 
hood, which  is  generally  blue,  although  sometimes  buff  or  brown- 
ish in  colour,  has  usually  a  silky  lustre,  and  is  much  contorted  by 
the  intercalation   of    thin  crooked   and   irregular  beds  of  quartz. 
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The  quartz  is  almost  invariably  associated  with  a  small  proportion 
of  calcite.  A  bed  of  siliceous  limestone,  of  which  the  prevailing 
colour  is  a  pale  buff,  and  which,  though  slightly  undulating,  may 
be  regarded  as  nearly  horizontal,  is  usually  about  one  foot  in  thick- 
ness, but  occasionally  enlarges  to  fifteen  or  even  twenty  feet.  The 
slate  and  limestone  are  both  traversed  by  two  sets  of  joints  ;  one 
nearly  parallel  to  the  strike,  and  bearing  E.  and  W,,  and  the  other 
between  N.  and  S.  and  10"  to  15°  E.  of  N.  and  W.  of  S.  Each 
series  is  highly  inclined,  and  in  both  dip  and  bearing  is  subject  to 
frequent  but  inconsiderable  flexures.  In  the  majority  of  cases 
these  joints  exhibit  mere  contact  surfaces ;  sometimes,  however, 
they  enclose  laminae  of  the  adjoining  rock,  or  plates  of  erubescite, 
while  in  others  they  contain  a  mixture  of  copper  ore  and  country 
rock.  The  non-metalliferous  material  thus  included  is  divided 
into  approximately  lenticular  masses  by  the  reticulation  of 
numerous  small  joints,  which  are  often  faced  with  clay.  At  these 
intersections  the  surfaces  of  the  lenticules  of  sterile  matter,  as  well 
as  those  of  the  ore  itself,  are  often  marked  by  slickensides.  A 
third  set  of  joints,  which  bears  about  30°  E,  of  S.  and  W.  of  N.,  is 
but  imperfectly  developed.  The  joints  of  both  the  principal  series 
widen,  and  become  more  metalliferous,  in  proportion  as  they 
approach  the  nearly  horizontal  bed  of  siliceous  limestone,  and 
then  sometimes  attain  a  thickness  of  above  six  inches.  These 
characteristic  deposits  of  ore  do  not,  however,  occur  when  the  two 
systems  of  transverse  joints  and  the  nearly  perpendicular  ones 
merely  intersect  one  another,  but  at  those  points  only  where  the 
intersections  come  in  contact  with  the  upper  surface  of  the  bed  of 
limestone. 

The  rock  in  the  vicinity  of  these  double  intersections  is  often 
for  some  distance  richly  charged  with  nests  of  erubescite  and 
copper  pyrites,  from  which  veins  branch  off  and  penetrate  both 
the  limestone  and  the  adjoining  slate.  In  extreme  cases  this 
impregnation  of  the  rocks  extends  for  a  distance  of  from 
twenty-five  to  thirty  feet,  but  generally  for  less  than  half  that 
distance.  Fig.  .51  page  154  after  Henwood,  shows  the  mode  of 
occurrence  of  copper  ores  in  the  rock  joints  at  this  mine.  The 
report  of  Mr.  Henwood  on  the  Chaumattiya  Mine  clearly  indicates 
the  general  mode  of  occurrence  of  copper  ores  throughout  the 
region.  He  says  :  "  There  is  no  lode  or  metalliferous  vein  visible 
in  it,  nor  have  we  seen  one  during  our  inquiries  in  this  country."  ^ 

The  existence  of  copper  ores  in  Darjiling  was  first  discovered 

^  Selections  from  Records,  Government  of  India,  viii.  1855,  p.  4. 
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in  1854,  since  which  time  its  occurrence  in  various  parts  of  the 
district  has  been  established.  A  mine  which  was  opened  about 
1870  at  Mangphu,  on  the  Tista,  is  considered  the  best  in  Darjiling, 
and  is  believed  to  be  the  only  one  at  present  in  operation.  The 
rock  is  a  light  green  slate,  containing  irregular  layers  of  slaty 
sandstone.  The  ore,  with  which  there  is  but  little  iron  pyrites, 
occurs  in  both  rocks,  in  the  form  of  lenticular  beds.  The  cupri- 
ferous layers  occur  at  intervals  throughout  a  total  thickness  of 
200  feet,  and  openings  have  been  made  upon  them  at  various 
levels. 

No  copper  ores  have  hitherto  been  discovered  either  in  Assam 
or  in  British  Burma.  In  Tenasserim  specimens  of  an  ore  contain- 
ing copper  were  obtained  in  1863  at  a  point  on  the  Yoonzalem 
river ;  some  copper  slags  were  also  found  in  three  different 
localities ;  but  at  the  present  time  no  copper  industry  of  any  kind 
is  carried  on  in  the  country.  The  latest  statistics  ^  obtainable  are 
for  1891,  when  Bengal  is  said  to  have  produced  2,500  tons  (of 
ore?).  In  1888,  218  tons  of  refined  copper  were  turned  out.  The 
industry  of  copper  smelting  has  been  stagnant  in  India  for  many 
years,  and  has  only  been  resumed  to  a  limited  extent  in  Bengal. 

Tin,  &c. — Tinstone  has  been  rarely  found  within  the  limits  of 
Peninsular  India,  and  the  only  localities  in  Extra-Peninsular  India 
where  it  occurs  in  any  considerable  quantities  are  situated  in  the 
Tenasserim  division  of  British  Burma. 

In  the  Bengal  Presidency  tin  oxide  occurs  at  Nurunga,  and  is 
described  as  forming  lenticular  beds  in  gneiss,  which  are  seldom 
above  one  foot  in  width,  but  are  sometimes  as  much  as  sixty  feet 
in  length.  About  fifteen  years  ago  from  8  to  9  cwts.  of  metallic 
tin  were  obtained  from  ore  mined  at  this  place.  It  was  re-opened 
in  1891,^  when  an  incline  shaft  was  carried  down  to  a  depth 
of  GOO  feet.  Several  beds  of  soft  gneiss,  dipping  about  30°  to 
the  east,  having  a  harder  bed  for  roof  and  a  layer  of  fluccali 
for  floor,  were  proved,  the  most  important  one  varying  from  1  foot 
to  3  feet  in  thickness.  In  addition  to  tinstone  these  beds  contain 
veinlets  of  felspar,  black  mica,  and  crystals  of  magnetite,  the 
proportion  of  tin  ore  varying  between  3-6  and  13  per  cent.  Too 
little  work  has  been  done  to  form  any  accurate  conclusions  re- 
specting this  deposit,  but  from  the  somewhat  anomalous  mode 
of  occurrence  of  tinstone  in  a  bed  and  the  absence  of  such  minerals 

1  Revitw  of  Mineral  Production  in  India  for  1894,  p.  20. 

^  Robert  Gates,  "  The  Copper  and  Tin  Deposits  of  Chota  Nagpore,"  Trans. 
Fed.  Inst.  Min.  Emj.  ix.  1894,  p.  427. 
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as  tourmaliae,  Avolfram,  &c.,  with  which  it  is  usually  associated, 
the  guess  may  be  hazarded  that  it  is  simply  an  ancient  bed  of 
alluvial  tin  ore,  subsequently  metamorphosed  into  gneiss.  Work 
was  stopped  in  1892,  after  nothing  more  than  jDrospecting  had 
been  done  ;  the  formation  was,  howevei',  proved  to  extend  over  a 
large  area,  as  well  as  to  hold  in  depth. 

In  Bombay  a  few  specimens  of  cassiterite  of  mineralogical  in- 
terest only  have  occasionally  been  obtained,  but  as  yet  there  is  no 
reason  for  supposing  that  it  occurs  in  quantities  possessing  any 
commercial  importance. 

Tin  ore  is  found  in  various  localities  in  the  Tenasserim  division 
of  British  Burma,  and  is  collected  chiefly  by  Chinese  labour  from 
sands  and  other  alluvial  deposits.  About  the  year  1873  the  town- 
ship of  Ma-lee- won  was  leased  to  Messrs.  Steel  &  Co.,  a  firm  of 
Rangoon  merchants,  with  a  view  to  working  for  tin  upon  a  large 
scale.  In  addition  to  an  abundant  supply  of  stream  tin,  various 
rich  tin  lodes  were  said  to  have  been  discovered.  During  the 
year  1874 — 1875  machinery  was  erected,  roads  opened  out,  and  a 
parcel  of  ore  prepared,  which  yielded  about  seven  tons  of  metallic 
tin.  As,  however,  the  outlay  had  very  largely  exceeded  the  re- 
turns, the  lease  was  abandoned  in  1877. 

It  would  seem  that  this  result  was  the  fault  of  the  system  of 
working  adopted.  Mr.  Hughes,^  who  inspected  the  district  in 
1889,  has  no  doubt  of  the  abundance  of  tin  ore  in  deposits  prac- 
tically identical  with  those  of  the  Malay  peninsula,  of  which  latter 
the  former  are  no  doubt  the  continuation.  He  found  numerous 
mines  in  operation,  owned  and  worked  by  Chinese  and  Siamese, 
the  tin-bearing  sands  being  as  much  as  12  feet  thick  in  places. 
He  gives  no  statistics  of  production,  Avhich  is  given  as  98  tons  in 
1894. 

So  far  as  is  yet  known,  zinc  ores  are  of  rare  occurrence  in 
Peninsular  India,  but  in  some  of  the  Southern  Provinces  blende 
and  calamine  are  described  as  being  somewhat  more  abundant. 
In  Rajputana  there  is  at  least  one  mine  which  is  reported  to  have 
been  formerly  worked  for  ores  of  zinc. 

Cobalt  ores  in  small  quantities  are  found  in  some  of  the  mines 
of  Rajputana,  and  are  used  for  the  purpose  of  colouring  glass 
bangles ;  ores  of  this  metal  also  occur  in  Tenasserim.  Both 
cobalt  and  nickel  are  present  in  small  quantities  in  the  pyrrhotiue 
from  the  Khetri  Mines,  and  traces  of  nickel  sometimes  occur  in 

1  T.  W.  Hughes-Hughes,  "  Tin  Mining  in  Mergui  District,"  Geol.  Survey  of 
India  Records,  xxii.  1889,  jj.  188. 
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iron  ores  from  Bhangarh,  Ores  of  manganese  have  been  found  in 
various  localities,  and  some  of  the  Indian  iron  ores  contain  a 
certain  amount  of  that  metal.  Manganiferous  haematite  and 
nests  and  veinlets  of  psilomelane  occur  at  Jabalpur  ;  the  deposits 
seem  to  be  beds  or  perhaps  bedded  veins.  Similar  deposits  of 
pyrolusite  occur  at  Oosalpur  in  the  same  district.  The  Madras 
Presidency  is  said  to  have  produced  11,410  tons  of  manganese  ores 
during  1S04. 

Iron. — Iron  ores  are  so  plentiful  over  large  areas  in  British 
India,  that  it  would  be  impossible  within  the  limits  of  the  present 
notice  to  give  even  the  names  of  the  various  localities  in  which 
they  are  known  to  be  abundant.  In  order,  therefore,  to  convey  an 
idea  of  their  abundance  and  extent,  it  will  be  convenient,  in  the 
first  place,  to  give  a  concise  account  of  their  mode  of  occurrence 
and  distribution  in  rocks  of  various  ages,  and,  subsequently  a  short 
description  of  a  few  of  the  most  important  deposits  hitherto  dis- 
covered. In  Peninsular  India  the  magnetic  oxide  occurs  either 
in  beds  or  veins  in  almost  every  region  in  which  metamorphic 
rocks  prevail ;  while  in  certain  localities,  as  in  the  Salem  district 
in  the  Madras  Presidency,  the  development  of  magnetite  is  on  a 
scale  of  extraordinary  magnitude,  whole  ranges  being  composed  of 
this  mineral  in  its  purest  condition.  In  many  cases  these  deposits 
would  appear  not  to  be  in  the  form  of  veins,  but  to  occur  as  beds, 
in  the  same  way  as  do  the  gneissoid  and  schistose  rocks  with  which 
they  are  associated.  In  the  Chanda  district  enormous  deposits  of 
specular  iron  ore  and  magnetite  occur  under  similar  circumstances. 
Mr.  Ball  remarks  with  regard  to  the  iron  ores  of  India :  "  To  the 
abundance  and  wide-spread  distribution  of  these  ores  in  the  oldest 
rocks  is  no  doubt  to  be  attributed  the  fact  of  the  frequent  re- 
currence of  considerable  deposits,  and  the  general  dissemination  of 
ferruginous  matter,  which  more  or  less  characterise  the  sedimen- 
tary rocks  of  all  subsequent  periods."  ^ 

Bedded  magnetite  is  likewise  known  to  occur  in  the  sub-meta- 
morphic  or  transition  rocks ;  while,  both  in  the  metamorphic  and 
sub-metamorphic  series,  considerable  veins  of  limonite  are  found 
in  fissures  and  along  lines  of  fault.  Examples  of  such  deposits 
occur  in  Kadapah,  Karnul,  Manbhum,  Jabalpur,  &c.,  &c. ;  but  the 
rich  ores  of  Central  India  occur  principally  as  haematites,  in 
rocks  belonging  to  the  lower  transition  series. 

In  the  Gondwana  system  of  rocks,  although  many  of  the  con- 
glomerates, sandstones,  and  shales  of  the  Barakar  group  are  almost 

1  G&olo'jy  of  India,  iii.  p.  335. 
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free  from  iron,  others  enclose  concretionary  masses  of  limonite, 
while  in  some  of  the  coal-fields  bedded  clay  ironstone  occurs  in 
sufficient  quantity  to  render  them  of  considerable  importance.  It  is 
believed  that  in  all  the  coal-fields  these  ores,  whether  of  a  concretion- 
ary or  bedded  character,  are  used  by  the  native  smelters,  but  they 
invariably  select  the  unaltered  carbonates  only,  as  they  regard  ores 
which  have  been  partially  transformed  into  limonite  as  unsuitable 
for  reduction.  The  so-called  Ironstone  Shales  are  not  represented 
beyond  the  limits  of  the  Damuda  Valley,  and  as  a  source  of  iron 
ore  their  development  is  at  its  maximum  in  the  Raniganj  coal- 
field, where  there  is  an  inexhaustible  supply  of  readily  accessible 
ore.  This  mineral,  which  originally  existed  either  as  blackband  or 
as  clay  ironstone,  has,  near  the  surface,  been  to  some  extent  altered 
into  limonite.  In  the  Raniganj -Kamthi  group  the  distribution  of 
iron  ore  is  very  unequal,  since  in  the  typical  Raniganj  rocks 
ferruginous  matter  is  often  almost  wholly  absent ;  while  in  their 
western  equivalent,  the  Kamthi  group,  there  is  not  only  much 
disseminated  oxide  of  iron,  but  also  thin  layers  of  iron  ore  which 
are  made  use  of  by  the  natives  for  smelting  purposes. 

The  characteristics  of  the  succeeding  groups  of  the  Gondwana 
series,  so  far  as  iron  ores  are  concerned,  are  almost  precisely  similar 
to  those  last  described.  The  Cretaceous  rocks  are  next  in  sequence 
in  the  peninsular  formation.  In  the  Trichinopoli  district  of  Southern 
India,  rocks  of  this  age  contain  nodules  of  iron  ore  in  considerable 
abundance,  and,  when  fuel  was  locally  more  abundant  than  it  is 
at  present,  they  were,  to  some  extent,  smelted  by  the  inhabitants. 

The  Deccan  trap,  which  is  believed  to  have  been  poured  forth 
towards  the  close  of  the  Cretaceous  period,  and  was  perhaps  con- 
tinued into  early  Tertiary  times,  contains  large  quantities  of  iron 
ore.  This,  to  a  large  extent,  occurs  in  the  form  of  disseminated 
crystals  of  magnetite,  but  occasionally  also  either  as  nests  or 
layers  of  heematite,  gradually  passing  into  bole  or  ferruginous 
clay.  The  beds  of  rivers  traversing  this  trap  contain  iron  sands, 
and  these,  after  concentration  by  washing,  often  supply  the  small 
blast  furnaces  of  the  native  iron-smelter. 

Bands  of  iron  ore,  which  not  unfrequently  occur  towards  the 
base  of  certain  beds  of  laterite,  are  the  sources  of  an  easily- worked 
brown  haematite  which  sometimes  contains  a  large  percentage  of 
iron.  These  ores  have  been  employed  by  native  smelters  in 
localities  scattered  over  almost  the  whole  of  India,  while  at  Bepur 
in  Malabar,  and  at  Mahomed  Bazaar  in  Birbhum  the  same  ores 
have  been  smelted  at  establishments  under  British  management. 
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In  addition  to  the  foregoing  there  are  detrital  ores  of  sub-recent 
acre,  resulting  from  the  breaking  up  and  re-arrangement  of  the 
older  deposits,  as  well  as  from  other  superficial  accumulations  of 
ferruginous  material.  These,  being  generally  obtainable  without 
much  trouble,  are  frequently  preferred  by  the  natives  to  harder  or 
more  refractory  ores. 

In  Extra-Peninsular  India  iron  ores  are  found  in  considerable 
abundance  in  groups  of  rocks,  many  of  which  are  of  very  different 
ages  from  those  which  occur  within  the  limits  of  the  peninsula. 
The  principal  sources  of  these  are  Tertiary  rocks  ;  but  in  the 
North-western  Himalayas,  and  it  is  believed  also  in  Afghanistan 
and  Burma,  there  are  considerable  deposits  of  iron  ore  in  the  older 
metamorphic  rocks. 

In  the  Madras  Presidency,  iron  ores  are  said  to  be  very  generally 
distributed  throughout  the  Madura  district,  and,  according  to  Mr. 
R.  B.  Foote,^  ores  obtained  from  lateritic  conglomerates  were 
formerly  smelted,  of  which  large  heaps  of  slags  scattered  plenti- 
fully over  the  country  afford  evidence  ;  the  industry  is,  however, 
now  extinct.  In  this  district,  a  deposit  of  magnetic  iron  ore 
occurs  in  gneissic  rocks  about  a  mile  north-east  of  the  village  of 
Mallampatti,  in  the  Pudokotai  State.  Mr.  Blanford,^  in  his 
description  of  the  Cretaceous  rocks  of  Trichinopoli,  mentions  that 
they  frequently  contain  nodules  of  iron  ore,  which  were  formerly 
smelted,  as  is  evidenced  by  numerous  mounds  of  slag ;  but  owing 
to  the  scarcity  of  timber  the  industry  is  now  almost,  if  not  entirely, 
extinct.  The  extent,  number,  and  thickness  of  the  beds  of 
magnetic  iron  ores  in  the  Salem  district  are  among  the  most 
remarkable  phenomena  connected  with  the  geology  of  India. 
Messrs.  W.  King  and  E.  B.  Foote,  who  have  given  an  account  of 
the  distribution  of  these  ores,  have  divided  them  into  the  followinor 
groups : —  ^ 

1st.    The  Godumullay  group,  east  and  north-east  of  Salem. 
2nd,  The  Tullamullay-Kolymullay  group. 
Srd.    The  Singiputtay  group. 
4th.   The  Tirtamullay  group. 
5th.   The  Kumjamullay  group. 

On  account  of  the  persistence  of  these  beds  over  long  distances, 
they  frequently  afford  a  valuable  clue  to  the  geological  structure  of 

^  Records  Geol.  Sun:  Ind.  xii.  1879,  p.  147. 
-  Mem.  Geol.  Surv.  Ind.  iv.  186.3,  p.  216. 
3  Ibid.,i\'.  1865,  p.  58. 
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large  areas.  They,  in  some  cases,  form  the  culminating-  ridges  of 
high  ranges  of  hills,  and  are  occasionally  from  50  to  100  feet  in 
thickness.  Where,  therefore,  such  beds  are  either  vertical  or  steeply 
inclined,  enormous  amounts  of  ore  are  laid  bare  in  cliffs  and  escarp- 
ments. The  purity  of  this  ore  varies  considerably,  being  sometimes 
much  mixed  with  quartz,  but  ore  of  the  best  quality  is,  neverthe- 
less, to  be  obtained  in  quantities  which  can  only  be  estimated  in 
thousands  of  millions  of  tons.  Mr.  T.  H.  Holland  ^  re-examined 
this  district  in  1892,  and  corroborated  the  existence  of  enormous 
masses  of  magnetite  in  bedded  deposits ;  he  also  drew  attention  U> 
the  occurrence  of  chromite  and  ilmenite.  The  "Porto  Nov'o  Steel 
and  Iron  Works,"  which,  in  1833,  were  established  in  South  Arcot, 
were,  up  to  the  time  of  their  suspension,  supplied  with  ores  from 
Salem.  The  same  company  appear  to  have  also  established  works 
at  Bepur.  How  long  they  continued  in  operation  is  not  known, 
but  they  appear  to  liave  fallen  into  the  hands  of  a  succession  of 
companies,  and  the  ore  is  believed  to  have  been  derived  from  the 
laterite.  In  1861  puddling  was  superseded  by  the  introduction  of 
a  Bessemer  converter,  which  does  not  seem  to  have  been  a  success, 
as  the  works  have  been  closed  for  some  years.  In  the  Kadapali 
and  Karnul  districts,  Madras,  iron  ores  occur  in  great  abundance, 
and  are  treated  at  a  number  of  native  iron-smelting  villages 
situated  along  the  eastern  side  of  the  Khundair  Valley.  Certain 
tracts  in  Hyderabad  or  the  Nizam's  Territory  have  long  been 
celebrated  for  their  iron  ores,  as  well  as  for  the  good  quality  of  the 
metal  produced  from  them.  In  the  Orissa  Tributary  States  the 
manufacture  of  iron  is  carried  on  upon  a  very  small  scale,  and  by 
an  extremely  rude  process. 

In  the  Birbhum  district  in  Bengal,  where  attempts,  extending 
from  1777  to  1878,  have  been  unsuccessfully  made  to  introduce  the 
European  system  of  iron  mining,  the  ores  are  described  as  being 
partly  earthy  and  partly  magnetic  oxides  of  iron,  which  occur  dis- 
seminated in  a  soapy  trappean  clay  found  in  beds  towards  the  base 
of  the  laterite. 

Notwithstanding  the  abundance  of  iron  ore  throughout  Sam- 
balpur,  Rehrakol  is  the  only  locality  in  which  smelting  is  extensively 
carried  on  by  the  natives.  In  the  Jabalpur  district  iron  ores  occur 
under  four  distinct  conditions,  namely,  as  detrital  accumulations. 
in  the  Gondvvalla  sandstones,  in  sub-metamorphic  rocks,  and  as 
accumulations  in  fissures  and  along  lines  of  fault.  In  the  Nar- 
singhpur  district,  the  ores  of  Omarpani  have  long  attracted  attention 
1  Geol.  Surety  of  India  RtronU,  xxv.  1S94,  p.  139. 
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on  account  of  the  excellent  quality  of  the  iron  manufactured  from 
them.  These  ores  are  associated  with  quartzites  and  limestones, 
but  their  precise  mode  of  occurrence  is  somewhat  obscure.  The 
iron  ores  of  the  Chanda  district  are  extraordinarily  rich  and 
abundant,  and  comprehend  magnetite,  haematite,  and  various 
lateritic  ores. 

Among  the  most  important  deposits  of  iron  ore  in  Central 
India  are  those  of  the  Gwalior  State,  which  include  magnetite  and 
red  and  brown  hsematites,  which  were  once  somewhat  extensively 
worked  by  the  natives,  but  are  now,  to  a  great  extent,  neglected 
in  consequence  of  the  great  distances  the  ore  has  to  be  carried  to 
the  fuel.  Large  deposits  of  iron  ores  occur  in  numerous  other 
localities  in  Central  India,  but  in  one  only,  namely,  at  Barwai, 
does  any  attempt  appear  to  have  been  made  to  introduce  European 
processes  of  manufacture.  The  ore  is  chiefly  liinonite  occurring  in 
irregular  masses,  but  hsematite  is  also  found  in  the  neighbourhood. 
In  the  year  1861  the  erection  of  all  the  plant  necessary  for  the 
production  of  charcoal  iron  was  commenced  in  this  locality  by  Mr. 
Mitander,  a  Swedish  metallurgist,  but  the  works  were  never 
completed,  and,  consequently,  no  iron  was  produced. 

Throughout  the  Presidency  of  Bombay  iron  ores  occur  in  the 
form  of  magnetite,  haematite,  and  limonite.  These  ores  are  all 
more  or  less  extensively  worked  in  native  forges,  but  we  have  but 
little  information  with  regard  to  their  respective  modes  of  occur- 
rence. Although  the  celebrated  Delhi  pillar,  Avhich  is  unquestion- 
ably the  finest  known  example  of  Indian  metallurgical  art,  is 
within  the  limits  of  the  Punjab,  this  province  is  no  longer  remark- 
able for  its  manufacture  of  iron.  The  iron  ores  of  the  Raniganj 
field,  Bengal,  all  occur  in  the  ironstone  shale  which  intervenes 
between  the  coal-bearing  groups  of  Raniganj  and  Barakar  in  the 
Damuda  series.'-  These  ironstone  shales  are  traceable  at  the 
surface  for  a  distance  of  several  miles,  the  total  thickness  of  the 
group  being  estimated  at  1,400  feet.  The  ore  does  not  occur 
throughout,  but  is  most  abundant  towards  the  top  and  bottom, 
Avhere  it  is  found  in  bands,  lenticular  masses,  or  as  strings  of 
nodules.  It  is  usually  a  clay  ironstone  somewhat  altered  near  the 
surface,  but  in  some  places  a  regular  blackband  ironstone  has  been 
met  with.  It  is  easily  obtained  at  shallow  depths,  and  for  a  long 
time  no  regular  mining  would  be  necessary.  During  the  last  fifty 
years  propositions  have  at  various  times  been  made  to  start  the 
manufacture  of  iron  upon  a  large  scale  in  this  locality.  The 
1  W.  T.  Blanford,  Mem.  Geo!.  Sun:  Intl.  iii.  1865,  p.  191. 
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matter  was  not,  however,  seriously  taken  up  until  1874,  when 
the  "Bengal  Iron  Company"  was  formed;  but  in  1879  it  ceased 
operations.  The  cause  of  this  non-success  is  attributed,  in  the  first 
place,  to  the  insufficiency  of  the  original  capital,  and,  in  the  second, 
to  a  heavy  and  an  unexpected  charge  which  was  made  for  the  land 
taken  up  by  the  company.  The  ore,  which  is  of  good  quality,  and 
contains  from  45  to  47  per  cent,  of  metallic  iron,  was  raised  and 
laid  down  at  the  furnaces  at  a  cost  of  about  one  shilling  per  ton. 
From  its  commencement  to  the  time  of  its  suspension  the  Bengal 
Iron  Company  made  12,700  tons  of  pig  iron,  the  rate  of  j)roduction 
being  about  twenty  tons  daily.  Iron  ores  occur  in  the  Manbhum, 
Singbhum,  and  Harazibagh  districts ;  in  the  latter  the  crystalline 
and  metamorphic  rocks,  said  to  contain  large  quantities  of  magnet- 
ite and  other  ores  of  iron,  were,  a  few  years  since,  examined  by 
Messrs.  Bauerman  and  Ball,  who  were  of  opinion  that  the  accounts 
previously  given  with  regard  to  its  quantity  had  been  considerably 
exaaforerated.  In  the  sub-division  of  Palamow,  iron  ore  occurs  in 
well-defined  zones  of  ferruginous  slates  200  feet  in  thickness, 
of  which  about  10  per  cent,  may  be  regarded  as  of  woi'kable 
quality. 

In  the  North-West  Provinces  the  existence  of  rich  iron  ores  in 
Kumaun  was  first  noticed  in  the  year  1850,  and  in  1855  Mr.  W.  J. 
Henwood  was  commissioned  to  visit  India  and  to  examine  and 
report  upon  the  iron  and  copj^er  ores  of  Kumaun.  This  report 
was  not  favourable  to  the  views  previously  expressed  with  regard 
to  iron-smelting  upon  the  plains,  and  Burrulgaon  was  consequently 
selected  as  the  site  for  an  experimental  blast  furnace.  The  results 
obtained  Avere  regarded  as  unsatisfactory,  but,  nevertheless,  with  a 
view  of  demonstrating  the  possibility  of  successfully  manufacturing 
iron  upon  a  large  scale  in  India,  the  Government  in  1857  erected 
new  works  at  Dechauri,  and  at  the  same  time  a  commercial  under- 
taking also  commenced  operations  under  the  title  of  "  Davies  and 
Co."  In  1860  the  Government,  having  become  dissatisfied  with 
the  results,  sold  the  works,  which  were  bought  on  behalf  of  a  com- 
pany which  in  1862  became  amalgamated  with  Davies  and  Co., 
under  the  name  of  the  "  North  Indian  Kamaun  Iron  Works 
Company,  Limited,"  and  in  1864  susj^ended  operations.  In  1874 
Mr.  H.  Bauerman  visited  Kamaun  and  reported  with  regard  to 
the  advisability  of  re-establishing  the  manufacture  of  iron,  but 
his  opinion  was  unfavourable  to  the  project.  This  view  of  the 
question  not  having  been  acceptable  to  the  local  authorities,  a 
report  was  called  for  from  the  Geological  Survey,  and  in  1877  the 
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Government  again  embarked  in  the  manufacture  of  iron.  In  1879 
the  works  were  still  in  operation,  but  with  unsatisfactory  results. 
The  fuel  employed  v\'as  charcoal,  and  the  ores  specular  and 
micaceous  hgematite  from  Ramgarh,  occurring  in  crystalline 
schist,  haematites  from  small  veins  in  quartzite  in  Kharina,  clay 
ores  from  Kaladhungi,  and  siliceous  brown  haematites  from  De- 
chauri.  These  ores,  all  of  which  are  more  or  less  siliceous,  contain 
from  Oil  to  1"67  per  cent,  of  phosphoric  anhydride.  Of  these  locali- 
ties the  first  two  are  in  the  heart  of  the  mountains  at  some  con- 
siderable distance  from  the  furnaces,  while  the  other  two  are  im- 
mediately adjacent  to  them.  Although  called  clay  ironstones  and 
siliceous  haematites,  they  are  actually  concretionary  limonites  of 
very  inferior  quality,  often  containing  more  sand  than  iron  ore. 
Throughout  India  the  ores  of  the  crystalline  rocks  are  extra- 
ordinarily pure,  while  those  of  the  sedimentary  deposits  are  lean 
and  contain  phosphorus. 

In  Assam,  the  principal  ores  found  in  the  valley  of  the 
Brahmaputra  are  clay  ironstones  of  the  Coal-measures,  and  an 
impure  limonite  from  the  sub-Himalayan  strata.  Ball  states  that 
the  only  iron  ore  worked  in  the  native  furnaces  of  the  Khasi  and 
Jaintia  hills  is  a  titaniferous  magnetic  oxide,  procured  by  Avashing 
ferruginovis  earths  and  gravels. 

In  the  Pegu  division  of  Burma,  an  abundant  supply  of  iron  ore 
is  found  in  the  Tertiary  rocks  of  the  Eastern  Prome  District.  In 
Tenasserim,  seventeen  distinct  localities  are  known  in  which  there 
are  deposits  of  iron  ore,  all  being  situated  in  the  Tertiary  hills 
between  Maulmain  and  Tavoy.  Iron  is  smelted  by  the  natives 
according  to  their  own  methods  all  over  India,  but  it  was  only  in 
Bengal  that  any  smelting  by  European  methods  was  carried  on 
during  1891?,  at  the  Barakur  Works.  These  are  said  ^  to  have  pro- 
duced 21,150  tons  of  pig-iron  in  that  year,  but  either  this  return 
or  that  of  the  iron  ore  raised  in  Bengal,  2-i  759  tons,  may  be 
presumed  to  be  erroneous.  The  total  production  of  iron  ores 
in  India  is  given  as  37,102  tons  in  1893  and  38,390  in  1894, 
but,  as  the  report  itself  points  out,  but  little  dependence  can  be 
placed  on  these  figures,  as  very  much  ore  must  be  raised  and 
smelted  in  native  forges  that  never  finds  its  way  into  the  returns 
The  subject  of  mineral  statistics  in  India  is  very  greatly  neo'- 
lected,  and  it  is  impossible  to  obtain  any  satisfactory  idea  ot 
the  real  amount  or  value  of  the  mineral  production  of  this  vast 
country. 

^  Rtv'itw  of  Mineral  Production  in  India  for  1894. 
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The   following   table   shows    the   production  of    metalliferous 
minerals  in  1890,^  and  the  i^rovinces  whence  they  come : — 

Bengal. 


Production. 

Copper  ore  . 

.     .     4,415  tons   . 

.     15,600 

Gold    .     .     . 

6 

Iron  ore  . 

.     .    17,853     „     .     . 

2,086 

Ochre . 

147     „     .     . 

67 

Burma. 

Gold    .     , 

82  ounces  . 

120 

Lead  ore  .     . 

.     .           14  tons  .     . 

92 

Tin  ore    .     . 

37     „     .     . 

2,880 

Central  Provinces. 

Iron  ore  .     . 

.     .     5,604  tons  .     . 

863 

Madras. 

Gold    .     . 

.     1,694  ounces  . 

.       6,435 

Iron  ore    . 

.     .          238  tons 

500 

Ochre  .     .     . 

.     .           85     „ 

31 

N.  W.  Provinces  and 

OUDH. 

Gold     .     .     . 

.     .            77  ounces 

276 

Iron  ore 

18  tons     .     . 

439  (sic) 

Ochre  .     . 

29     „       . 

4 

Punjab. 

Antimony  ore 

.     .           72  tons     .     . 

275 

Gold     .     .     . 

.     .         447  ounces     . 

1,507 

Iron  ore  .     . 

.     .           23  tons     .     . 

4 

Ochre  .     .     . 

82     „       .     . 

47 

Native  States. 

Gold 107,079  ounces     .    385,216 

Bismuth  and  Cobalt 

ores 3  cwt.     .     .  7 

8 

2 

9,121 

68 

1  "  Return  of  Minerals  and  Gems  produced  in  each  British  Province  and  Native 
State  during  1890,"  quoted  in  the  First  Annual  General  Report  iqwn  the  Mineral 
Industry  of  Great  Britain  for  1894,  p.  71. 


Chrome  ores .     . 

16 

Copper  ores  .     . 
Iron  ore    .     .     . 
Ochre  .... 

1 

.      4,499 
226 
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The  following  table  of  returns  for  189-1  is  said  in  the  report  ^ 
not  to  be  anything  more  than  a  convenient  tabulation  of  snch  par- 
ticulars as  are  annually  procurable  : — 

Gold — Mysore 210,082  ounces)    o,,  ",i«„„^r>o  +•71'- oin 

„       River  sand  washing  .  1,688     .,         j"  211,- -0  ounces      ..        ta-,OlO 

Iron  ores-British  India  .    .  33,959  tons  ^      gg  39^  ^^^^  12,520 

,,  Xative  States     .  4,431     ,,  ' 

Antimony  ( ?  fused)    ....                ~                            411  .  .  '■ 

Copper V  .  .  ■' 

Manganese  ore — Madras  .    .               —                       11,400  .  .  • 

Tin— Mergui —                              98  .  .  4,480 


THE  MALAY  PENINSULA. 

The  narrow  strip  of  land  Avhich  forms  the  Malay  Peninsula  has 
Ions'  been  known  for  its  mineral  wealth.  Travellers  have  at  all 
times  celebrated  the  metallic  riches  of  the  Malay  archipelago, 
and  ancient  historians  speak  of  an  active  commerce  existing  long 
before  the  Christian  era  betAveen  India  and  the  western  countries 
of  Arabia,  Egypt,  Greece,  &c.  The  Malay  Peninsula  was  not  less 
celebrated  for  its  richness  in  minerals,  as  it  figures  on  the  maps  of 
Strabo  and  Ptolemy  under  the  significant  name  of  the  Golden 
■Chersonese.  The  settlement  of  Malaka  seems  to  have  been  an 
important  commercial  centre  as  far  back  as  the  sixteenth  century, 
and  was  probably  the  first  point  of  the  peninsula  touched  by  Euro- 
pean traders  ;  the  chief  products  obtained  were  tin  and  gold,  but  it 
seems  probable  that  the  latter  was  largely  collected  from  the  neigh- 
bouring islands  of  the  archipelago.  Tin  appears  to  have  been 
produced  for  a  long  time  in  the  State  of  Perak,  though  it  is  note- 
worthy that  the  name  means  not  tin  but  silver.  Godinho  de 
Eredia,  at  the  beginning  of  the  seventeenth  century,  states  that 
the  country  of  Viontana,  now  called  Sungei  Ujong,  produced 
gold,  silver,  mercury,  tin,  and  large  quantities  of  iron. 

The  celebrated  French  traveller,  Tavernier  (1677),  states  that 
the  money  in  Queda  and  Perak  was  made  of  tin  ;  this  coin  weighed 
li  oz.  and  passed  for  two  "sols."  The  value  of  tin  in  Perak  must 
<ionsequently  have  been  about  2,200  francs  or  £88  per  tonne.  Tin 
money,  cast  in  the  form  of  a  hollow  truncated  square  pyramid,  was, 
till  after  the  establishment  of  a  British  protectorate  in  Pahang, 
current  in  that  State,  although  Pahang  is  by  no  means  one  of  the 
States  richest  in  tin.     In  Reman,  Legeh,  Patani,  and  Teluban,  coins 

^  Revieio  of  Mineral  Production  in  India  for  1894. 


598  ORE    DEPOSITS  part  ii 

are  still  current  cast  in; iron  moulds  from  an  alloy  of  lead  and 
tin,  these  last-named  States  being  under  Siamese  jurisdiction. 

The  Malay  Peninsula  forms  a  narrow  strip  whose  length  from 
the  isthmus  of  Kra  in  the  north  to  the  island  of  Singapore 
at  its  southernmost  extremity  is  some  600  miles;  its  greatest 
width  is  only  about  180  miles  and  its  average  width  may  be 
taken  as  little  over  12U  miles.  There  are  three  British  colonies 
which  together  form  the  Crown  Colony  of  the  Straits  Settlements, 
namely  Singapore  in  the  extreme  south,  and  Malaka  and  Penang 
on  the  west  coast.  The  southern  two-thirds  of  the  Peninsula 
is  under  British  influence,  consisting  of  the  independent  Native 
State  of  Johor  in  the  south,  and  several  protected  Native  States, 
namely  the  State  of  Pahang  on  the  east  coast,  the  States  of 
Sungei  TJjong,  Selangor  and  Perak  on  the  west  coast,  and  the 
inland  States  of  Negri  Sembilan  and  Jelebu,  the  latter  partly 
incorporated  with  Sungei  TJjong.  The  upper  portion  of  the 
Peninsula  is  under  Siamese  protection,  the  various  rajahs  paying- 
tribute  to  the  King  of  Siam,  The  most  important  are  Kedah 
on  the  west  coast,  Tringganu  and  Kelantan  on  the  east,  and 
on  the  north,  the  ancient  State  of  Patani,  now  split  into  several 
smaller  ones,  such  as  Reman  Legeh,  Teluban,  Jalor,  Patani, 
&c.,  and  Singgora.  There  is  a  main  mountain  chain  rvinning 
parallel  to  the  west  coast  and  comparatively  close  to  it,  whilst 
a  huge  transverse  chain  running  from  it  to  the  east  forms  a  central 
mountain  mass  that  separates  the  basin  of  the  Pahang  river  and 
its  tributaries  from  the  rivers  Patani,  Teluban  and  Kelantan, 
This  central  mountain  mass  is  still  unknown  to  Europeans.  All 
the  mountain  axes  are  everywhere,  in  the  main,  granitic  ;  against 
the  flanks  ol  the  granite  lie  highly  metamorphic  slates  and  schists, 
often  micaceous  and  talcose  and  at  times  graphitic,  with  occasional 
sandstones  passing  more  or  less  into  quartzites.  Both  granite  and 
stratified  rocks  are  in  places  overlain  quite  irregularly  and  ap- 
parently unconformably  by  Avhite  crystalline  saccharoidal  lime- 
stones ;  these  are  too  thoroughly  metamorphosed  to  show  any 
organic  remains,  but  their  mode  of  occurrence  suggests  ancient 
coral-reefs.  Eruptive  rocks,  chiefly  diorite  and  felsite,  in  places 
traverse  both  the  granite  and  the  schists,  but  play  quite  a  sub- 
ordinate part  in  determining  the  physiography  of  the  country. 
A  great  deal  of  laterite  occurs  in  various  places,  which  may 
possibly  be  the  result  of  extreme  weathering  in  situ  of  some  of 
the  older   formations ;  the   connection    of  this  laterite    with   tin 
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older  rocks  has  not  been  traced.  In  the  extreme  south  are  softer 
red-coloured  sandstones  and  shales.  Finally  the  east  and  north- 
east jDortion  of  the  Peninsula  consists  very  largely  of  extensive 
sandy  plains,  possibly  of  very  recent  formation.  On  the  north 
coast  the  ai'ea  of  the  land  is  still  being  extended  by  the  accumu- 
lation of  extensive  sandbanks. 

Tix. — The  most  important  mineral  product  is  tin  ore  ;  almost 
the  whole  of  it  is  obtained  from  alluvial  deposits  of  the  nature 
described  on  page  34.  These  deposits  are  found  in  practically 
every  valley  that  descends  from  the  main  axial  range  of  the 
Peninsula,  and  particularly  on  the  western  coast ;  as  this  range 
only  becomes  well  defined  to  the  north  of  Malaka,  this  colony  has 
practically  no  tin  deposits  ;  it  may  be  noted  that  none  of  the 
actual  British  colonies  yield  any  tin  to  speak  of.  What  is  known 
as  "  Straits  Tin "  in  England  and  "  Malacca  Tin "  in  America, 
is  really  the  tin  fi'om  the  various  States  of  the  Malay  Peninsula, 
Avhich  is  collected  and  shipped  in  the  Straits  Settlements  of 
Singapore  and  Penang.  The  States  of  Perak  and  Selangor 
together  produce  about  nine-tenths  of  the  tin  of  the  Peninsula. 
It  is  all  worked  by  sluicing  by  Chinese  miners,  who  either  smelt 
it  themselves  in  native  charcoal  furnaces  or  sell  it  to  a  European 
company  for  smelting  in  Singapore.  The  ore  thus  produced 
averages  about  68'3  per  cent,  of  metallic  tin. 

The  following  table  ^  shows  the  proportions  in  which  the  various 
Native  States  under  British  protection  have  contributed  to  the 
total  of  production  in  recent  years,  all  the  production  being- 
calculated  as  metallic  tin  : — 

state.                                 }^'^'--  1S^3.  1894. 

Tons.  Ions.  Tons. 

(  Perak 15,175  .    .          17,480  .    .  22,190 

A\"est  Coast        Selangor     .    .    .  10,850  .    .           15,050  .    .  20,440 

(  Sungei  Cjoiig    .            2,6351  9  0^,,  „i„,,(.  .9  qni, 

Inland             .(  -Mebu     ....            1,(320  /  "    '  -'^^^  ^'^°"*  -''^ 

■    ■    '    (  Xegri  Sembilan  About  75  tons  per  annum. 

East  Coast  .    .  Paliang    ....               2.50  .    .  270  .    .  435 


Total    .    .    .  30.005  .    .  35,835  .    .  40,040 

The  source  whence  the  tinstone  was  originally  derived  has 
long  been  doubtful ;  the  Chinese  have  always  been  contented  to 
wash  the  pay  gravel,  working  merely  down  to  the  bedrock,  which 
is  generally  an  impure  kaolin  formed  by  the  decomposition 
in  situ  of  granite,  without  examining  this  bedrock  any  further. 

^  Compiled  from  the  Official  Papers  relating  to  the  Protected  Malay  States. 
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Recently  a  European  company  has  been  working  some  deep-lying 
tin  gravels  at  Kuchai,  Selangor,  which  had  proved  too  deep  for  the 
Chinese  open-cast  method,  by  mining  on  the  pillar  and  stall 
system,  and  in  so  doing  they  found  leaders  and  veinlets  of  tin- 
stone in  the  kaolin,^  and  these  apparently  continued  down  into  a 
rock  composed  of  quartz  and  felspar.  Somewhat  similar  occurrences 
have  also  been  noted  at  Sungei  Rin  in  Jelebu,  and  small  veins  of 
tinstone  that  never  continued  very  far  have  been  opened  up  in 
Perak.  It  would  therefore  appear  that  these  tin  alluvials  are 
the  result  of  extensive  disintegration  of  stanniferous  greisen  or 
granite,  showing  in  places  small  veins  of  cassiterite,  exactly 
analogous  to  the  stockworks  of  Saxony  and  Bohemia.  It  is 
obvious  that,  in  a  country  still  so  imperfectly  known,  covered 
with  dense  jungle,  where  great  heat  and  heavy  rainfall  contribute 
to  disintegrate  the  rocks  to  very  great  depths,  and  which  has 
never  been  systematically  explored,  a  greisen  containing  only 
a  small  percentage  of  tin  would  readily  enough  escape  discovery ; 
at  the  same  time,  it  may  also  be  that,  as  at  Zinnwald,  it  was  only 
the  outer  portions  of  the  granitic  masses  that  carried  the  tin, 
and  that  practically  the  whole  of  these  have  suffered  disinte- 
gration, so  that  only  small  remnants  may  still  bs  left  to  be 
discovered. 

The  tin  sands  are  very  variable  in  both  their  depth  and  their 
richness.  As  an  average  the  depth  of  overburden  may  be  esti- 
mated at  15  to  20  feet,  and  the  thickness  of  the  tin-bearing  sands 
(the  harang  of  the  Chinese  miners)  4  to  5  feet.  The  extremes 
are  from  .5  to  SO  feet  of  overburden  and  1  to  15  feet  of  pay 
gravel.  An  exceptional  case  was  met  with  at  Sorakai,  Kinta, 
in  Perak,  when  a  depth  of  20  feet  of  overburden  under  which  were 
over  80  feet  of  tin  sands  was  excavated  by  some  Chinese  miners. 
The  average  richness  of  the  pay  gravel  proper  is  probably  about 
1  per  cent,  of  black  tin,  though  exceptionally  as  much  as  20  per 
cent,  has  been  met  with  in  abnormally  rich  spots  like  some  at 
Saiak,  Kinta  (Perak). 

As  already  stated,  most  of  the  tin  is  produced  from  the  western 
side  of  the  main  range,  not  only  because  the  tin  fields  on  that  side 
are  richer  and  possibly  more  extensive,  but  also  because  they  are 
far  more  accessible  and  transport  to  the  sea  is  less  costly.  There 
are,  however,  rich  fields  known  on  the  western  side,  as  at  Hulu 
Pahang,  Tras,  Bentong,  and  Jelebu.  Some  of  the  tin  raised  in 
1  Rfports  on  the  Protected  Malay  Stntts  for  1894,  p.  35. 
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the  former  places  is  shipped  via  Selangor  and  appears  in  the 
Selangor  returns.  Johore  is  very  poor  in  tin  ;  some  small  fields 
have  been  opened  there,  but  being  poorer  than  the  others,  are  not 
Avorked.  Of  the  Siamese  Native  States,  Kedah  is  known  to  be  rich 
in  tin,  and  especially  so  is  the  small  island  known  as  Junk  Ceylau. 

There  are  no  statistics  as  to  the  production  of  these  States, 
but  most  of  the  tin  produced  by  them  is  brought  to  Penang  to  be 
shij)ped.  The  amount  so  imported  is  probably  three  to  four 
thousand  tons  a  year.  Some  is,  no  doubt,  sent  direct  to  India  and 
Siam  proper.  Similar  alluvial  deposits  are  known  to  exist  in 
Tringganu  and  on  the  rivers  Teluban  and  Patani,  where  some  very 
rich  tin  ore  is  raised.  A  very  pure  white  cassiterite,  said  to  occur 
in  decomposed  (granitic)  rock,  is  also  produced  in  the  same  region. 
Further  north  again,  within  five  miles  of  the  northern  coast, 
alluvial  tin  is  worked  to  a  small  extent  on  the  head  w^aters  of 
a  stream  known  as  the  Klabar,  an  affluent  of  the  Teluban,  which 
takes  its  rise  in  a  small  isolated  range  of  granitic  hills.  The 
tin  belt  evidently  extends  further  north  still,  because  deposits 
of  alluvial  tin  have  been  worked  to  a  small  extent  in  Chantabun 
in  Siam,  as  well  as  in  Mergui  in  Burma. 

The  amount  of  tin  obtained  by  lode  mining  is  comparatively 
quite  insignificant;  it  is  nevertheless  interesting  to  note  that 
tin  lodes  exist.  The  most  important  are  those  worked  by  the 
Pahang  Corporation  in  the  district  of  Kuantan  near  the  eastern 
coast  of  the  Peninsula.  Little  is  known  of  the  geology  of  the 
disti'ict ;  the  country  rock  of  the  lodes  consists  of  blackisii- 
coloured  chloritic  schists  overlying  granite,  with  occasional  dykes 
of  porphyritic  granite  traversing  the  strata. 

The  tin  lodes  have  not  yet  been  followed  down  into  the 
granite,  the  deepest  shaft  having  been  only  250  feet  deep  in' 
1895.  The  lodes  are  narrow,  averaging  from  2  to  3  feet  in  thickness, 
and  the  veinstuff  consists  chiefiy  of  quartz  with  chlorite  and 
calcspar,  the  principal  metalliferous  minerals  being  cassiterite, 
iron  and  arsenical  pyrites.  The  lodes  do  not  as  a  rule  show  well- 
marked  walls,  and  have  probably  been  formed  by  metasomatic 
action  on  the  schists,  the  mineralising  solution  having  made 
its  way  through  narrow  fissures.  There  are  several  indejjendent 
lodes  known  here  ;  their  general  course  is  east  and  west  and  they 
are  nearly  vertical.  The  tin  ore  runs  in  jDay  shoots  with  barren  or 
nearly  barren  intervals.  The  ore  as  stoped  is  very  rich,  havino- 
averaged  about  4  j)er  cent,  (in  some  months  as  high  as  S"G  per 
•cent.)  of  black  tin,  the  latter  containing  TO  per  cent,  of  metal. 
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The  following  have  been  the  returns  made  by  the  Company  ^ 
since  crushins:  commenced  : — 


stone  crushed. 

Black  tin  produced. 

Percentage 

Tons. 

Tons. 

of  black  tin. 

•} 

6S 

•> 

3,770 

Mh        . 

2  2 

5,243 

.    .        2594 

4-9 

5,522 

.    .        197^ 

3-6 

5,272 

.    .        32U 

61 

7,360 

.    .        5li« 

6-9 

13,811 

.    .        672 

4-9 

Up  to  Sept.  30th,  1890  . 
Oct.  1st,  1890,  to  April  30tli,  1891  . 
May  1st,  1891,  to  June  30th,  1892  . 
July  1st,  1892,  to  June  30th,  1893  2. 
July  1st,  1893,  to  June  30th,  1894  . 
July  1st,  1894,  to  June  30th,  1895  ■•. 
July  1st,  1895,  to  Mai-.  31st,  1896    . 


Lode  tin  is  said  to  be  worked  also  by  an  English  company 
mining  at  Bundi  on  the  River  Cheroe  in  the  State  of  Tringgann ; 
the  deposit  is  described  *  as  a  band  of  slate  about  30  feet  wide, 
resting  against  granite,  Avith  a  north  and  south  strike.  This  slate 
is  said  to  be  stanniferous  throughout,  and  to  carry  some  five  per 
cent,  of  metal.  Operations  were  commenced  in  July,  1894,  and  in 
the  first  year  40  tons  of  black  tin  Avere  shipjDed.  It  is  not  known 
whether  this  is  a  true  lode,  or  whether  it  is  a  cement  deposit. 

Stanniferous  Cements. — Curious  deposits  of  what  look  like 
siliceous  bog  iron  ores  carrying  tinstone  are  met  with  in  several 
places  on  either  flank  of  the  great  east  and  west  hill  range,  among 
them  being  Bukit  Ebu,  near  Kernai,  on  the  southern  side,  and 
Dreda  and  Goa  Tumbus  in  Jalor  on  the  northern  side.  The  deposit 
at  the  first-named  place  trends  north]  and  south,  and  is  about  C50 
feet  wide.  At  Dreda  there  are  a  number  of  smaller  deposits  found 
cropping  and  lying  at  steep  angles  on  the  hill  sides,  usually  on 
granite.  These  deposits  have  been  formed  apparently  by  the  disin- 
tegration of  granite  containing  tin  in  the  neighbourhood  of  large 
deposits  (probably  fissure  veins)  of  pyrites,  the  iron  from  which 
cemented  together  the  grains  of  tinstone  and  grains  of  quartzose 
sand  into  a  hard  compact  mass  ;  it  is  so  hard  that  the  Chinese  who 
work  it  have  to  break  it  out,  stamp  it  in  rude  foot  stamps,^'  and 
wash  the  crushed  stone  to  separate  out  the  tinstone.  The  rich- 
ness seems  to  be,  as  would  naturally  be  expected,  very  variable. 
Some  of  the  stuff  seems  to  carry  SO  per  cent,  of  black  tin,  whilst 
the  Chinese  reject  all  that  carries  only  1  per  cent,  or  less. 

^  Directors'  Annual  Reports  to  the  Shareholders  of  the  Pahang  Corporation, 
Limited,  and  private  communication  from  the  secretarj'. 

-  In  this  year  a  certain  amount  of  poor  ore  had  to  he  crushed,  as  the  shaft  had 
not  been  got  down  deep  enough  to  allow  stoping  to  be  carried  on  to  any  extent. 

^  A  new  mill  at  Jeram  Batang  was  started  on  the  1st  of  May  in  this  year. 

->  H.  Louis,  "Straits  Tin,"  21ie  We>itern  Daily  Mercury,  April  18,  1895. 

■"'  Cf.  H.  Louis,  "  A  Chinese  System  of  Gold  Milling,"  Trans.  Amcr.  Imt.  M'nu 
Eiig,  XX.  1891,  p.  324. 
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At  Goa  Tumbus.  a  ven*  curious  deposit  of  this  kind  is  worked 
by  the  Chinese,  which  contains  small  particles  of  various  oxidised 
lead  ores  (chiefly  anglesite,  cerussite,  pyromorphite  and  mimetite) 
in  addition  to  the  tinstone,  as  the  result  of  the  simultaneous 
disintegration  of  stanniferous  granite  and  of  small  deposits  of 
galena  which  exist  in  this  locality.  The  mixture  of  lead  and  tin 
ores  thus  obtained  is  smelted  by  the  Chinese  in  their  customary 
small  charcoal  furnaces,  and  an  alloy  of  the  two  metals  is  thus 
obtained.  ^ 

Gold. — A  well-marked  auriferous  belt  appears  to  traverse  the 
Peninsula  in  about  a  N.X.E.  direction,  and  gold  has  been  mined  at 
many  points  along  it.  The  most  southerly  point  at  which  it  is 
known  is  on  the  north  ilanks  of  Gunong  Ledang  (spoken  of  by 
Europeans  as  Mount  Ophir)  on  the  boundary  between  Malaka 
and  Johore.  A  considerable  area  of  shallow  alluvial  ground  has 
been  washed  over,  but  it  is  all  exhausted  now,  and  there  is  no 
record  even  of  the  period  Avhen  it  was  worked.  A  few  irregular 
veinlets  of  quartz  in  highly  decomposed  shales,  which  yield  a  little 
gold  on  assay,  are  known  to  exist.  Alluvial  gold  has  also  been 
worked  in  one  or  two  other  spots  in  this  district. 

A  good  deal  of  work  was  done  some  years  ago  on  a  lode  at 
Chendras,  near  Gemencheh  in  Negri  Sembilan,  which  was  mined 
for  some  time  by  a  Singapore  comjDany.  Although  a  fair  amount 
of  gold  was  obtained,  it  had  ultimately  to  suspend  operations. 
The  Malays  in  this  district  still  do  a  little  alluvial  mining,  prin- 
cipally b}^  washing  the  sands  of  some  of  the  streams  in  the  Johol 
district,  but  the  amount  of  gold  so  obtained  is  very  small,  and  is 
not  known  with  even  an  approach  to  accuracy.  The  most  im- 
jDortant  gold  mines  are  in  the  State  of  Pahang.  At  the  Raub 
Mines  a  series  of  thin  irregular  branching  veins  of  quartz  running- 
through  a  belt  of  graphitic  schists  are  being  worked  ;  the  strata 
strike  about  N.  25'  W.,  S.  25'  E.,  dipping  85  to  the  eastward, 
having  apparently  been  tilted  by  the  granitic  axis  of  the  mountain 
range,  which  is  not  very  far  from,  and  to  the  west  of,  this  spot. 
The  general  direction  of  the  veinlets  of  quartz  is  N.  60'"  E., 
S.  GO  W. ;  these  veinlets  are  in  places  very  rich,  and  carry  much 
free  gold,  together  with  stibnite  and  iron  pyrites.  In  addition  to 
these  there  is  a  stronger  reef  from  one  to  eight  feet  in  width, 
running  about  N.N.W. — S.S.E.,  and  nearly  vertical,  which  has 
been  traced  for  some  four  miles.     The  greatest  depth  reached  was 

^  H.  Louis,  "On  the  Rivei'  Teluban,"  The  Geo(jra2ihical_JournaI,  1894, 
September,  p.  23,"). 
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234  feet  in  1896.  After  working  under  great  difficulties  for  some 
years,  this  mine  produced  4,886  ounces  of  gold  in  1893,  the  yield 
being  at  the  rate  of  1  oz.  2  dwts.  of  gold  per  ton  ;  in  1894  the 
output  Avas  about  6,000  ounces,  and  6,173  ounces  in  1895  from 
12,241  tons  of  stone  crushed,  being  at  the  rate  of  10  dwts.  2-^gr. 
per  ton.  Since  the  commencement  of  operations  there  have  been 
crushed  80,2.53  tons,  yielding  20,356  ounces.^ 

At  the  Jalis  Mine,  belonging  to  the  Penjom  Company,  a  great 
deal  of  work  has  been  done  upon  a  rather  broken  ]ode  of  quartz 
running  in  soft  shales,  approximately  north  and  south,  and  nearly 
vertical.  The  gold  belt  is  well  developed  in  this  district,  being 
known  for  about  a  mile  in  width  and  ten  miles  in  length. 
Numerous  other  mines  are  being  opened  up  in  this  belt,  but  Jalis 
takes  the  lead  so  far,  having  been  proved  to  a  depth  of  168  feet 
in  1893,-  and  having  been  a  steady  gold  producer  for  some  years, 
as  shown  in  the  followino-  table  : — 


Quartz  Crushed. 

(toIcI  got. 

Year. 

Tons. 

Ounces. 

1890 

.       .       .      1,000      .      . 

.       .           200 

1891 

.     .     .     2,700     .     . 

.     .     1,025 

1892 

.     .          8,000     .     . 

.     .     2,500 

1893 

.     .     .     4,800     .     . 

.     .     5,380 

1894 

? 

6,000  to  7,000 

1895 

? 

8,000  to  9,000  (?) 

Two  other  companies  are  at  work  in  this  same  district,  at 
'Cherubang  and  Silinsing  respectively;  the  last  named  got  527 
ounces  in  1898  from  1,100  tons  of  stone,'^and  is  continuing  to  work 
steadily.  The  gold  belt  has  not  been  traced  much  further  north 
in  Pahang,  and  seems  to  be  cut  off  by  the  great  east  and  west 
granitic  range  already  spoken  of.  Immediately  to  the  north  of 
this  range,  and  close  in  some  places  to  the  granite,  the  gold  belt 
reappears  and  extends  farther  north  for  another  thirty  miles  or  so. 
The  district  of  Pulai  in  Kelantan  is  said  by  the  Malays  to  be  ex- 
ceedingly rich  in  alluvial  gold.  Other  points,  such  as  Blimbing 
and  Tadoh,  have  also  yielded  a  good  deal  of  alluvial  gold,  most  of 
which  is  now  exhausted.  The  valley  of  the  Teluban  is  the  richest 
in  gold  of  an}^  of  the  northern  rivers,  or,  indeed,  of  the  entire 
Peninsula. 

^  Rtport  of  the.  Manager  for  the  year  endimj  February,  1896. 
-  Kejiorts  on  the  Protected  Xative  States  for  1893,  p.  97. 
3  Reports  on  the  Protected  Xative  States  for  1893,  p.  100. 
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It  would  seem  that  lai'ge  Chinese  colonies,  some  consisting  of 
as  many  as  a  thousand  men,  made  their  way  into  this  valley  and 
commenced  working  the  alluvial,  which  is  found  in  shallow  placers 
on  either  side  of  the  Teluban  River  and  some   of  its  affluents,  as 
well  as  in  the  beds  of  the  streams,  about  a  century  and  a  half  ago. 
Now — in  1895 — the  alluvial  is  practically  exhausted,  there  being 
probably  not  over  100   men  washing  for  gold  in  the  entire  length 
of  the  river;  a  man  seems  on  the  average  to  get  about  10  grains 
of  gold  as  the  result  of  a  day's  river  Avashing,  so   that  the  total 
amount   of  alluvial  gold  got  is  but  small.     The  Chinese  are  said 
to  have  turned  their  attention  to  the  reef  gold  some  60  years  ago, 
and  worked  it  in  a  number  of  places,  breaking  out  the  quartz  and 
crushing  it  under  tilt  hammers  worked  by  foot  or  by  water  power  ; 
the  crushed  stone  is  then  washed  in  wooden  dishes  and  the  sold 
thus   collected.!     The   country  rock  throughout  this  gold  district 
consists  of  brown,  red  and  yellow  shales  and  schists,   sometimes 
micaceous,  talcose,  or  chloritic,  passing  at  times  into  black  fissile 
slates,  at  times   pyritous,   through    which   run    numerous    small, 
narrow,  irregular  veins  of  gold  c^uartz,  which  join  each  other  so  as 
to  form  a  system  of  reticulated  veins,  which  are  rarely  a  foot,  and 
most!}'  from  three  to  nine  inches,  in  thickness.     These  veins  are 
approximately  parallel  to  the  general  strike   of  the  strata,  their 
strike  being  N.N.E. — S.S.W.,  and  their  dip  variable,  but  mostly  to 
the  Avest.     Some  of  these  veinlets  are  very  rich,  assaying  as  much 
as  11  ounces  to  the  ton  ;  in  some  of  them,  highly  auriferous  iron 
pyrites,  which  the  Chinese  are  unable  to  treat,  is  also  found.     The 
Chinese  generally  get  from   one  to  four  ounces  of  gold  to  the  ton 
of  stone  by  their  method  of  working. 

The  State  in  which  these  mines  are  situated,  known  as  Tomoh, 
is  in  reality  a  province  of  Legeh,  and  is  subject  to  Siam.  It  is 
administered  by  a  Chinaman,  who  controls  the  gold  mines,  and 
pays  an  annual  tax  of  about  £150  in  gold  to  Siam,  besides  tribute 
in  kind  collected  by  the  Siamese  viceroy  at  Singgora.  Accurate 
statistics  are  not  available,  but  the  annual  output  may  be  estimated 
at  fully  4,000  ounces,  quite  three-fourths  of  which  is  derived  from 
reef  mining.  In  the  State  of  Legeh,  on  the  headwaters  of  the 
Tanjong  Mas  River  (Malay  :  tavjong,  bend  of  river;  mas, 
gold),  some  alluvial  has  also  been  worked.  There  are  also  some 
parties  of  Chinamen  working  auriferous  laterite  on  a  small  scale  ; 
some  of  it  is  hard  enough  to  require  crushing,  some  can  be  sluiced. 

^  H.  Louis,  "  A  Chinese  System  of  Gold  Milling,"  Tram.  Amer.  Inxt.  Jliii. 
Eng.  XX.  1891,  p.  324. 
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The  total  gold  output  of  the  Malay  Peninsula  can  only  be  very 
roughly  estimated  ;  in  1894  it  was  probably  about  20,000  to  25,000 
ounces,  of  which  Pahang  contributed  15,000  to  16,000  ounces. 
It  is  not  likely  that  more  than  1,000  ounces  of  this  total  would  be 
alluvial  gold. 

Lead,  &c. — Lead  ores  are  known  to  exist  in  several  places  in 
the  Malay  Peninsula.  The  best  known  locality  is  at  Goa  Tumbus, 
near  the  Patani  River,  where  a  Singapore  company  commenced 
operations  some  years  ago,  but  had  to  abandon  the  enterprise  after 
erecting  costly  smelting  and  desilverising  plant.  The  granite  in 
this  district  is  overlain  in  many  places  by  masses  of  limestone,  and 
at  the  contact  of  these  rocks,  or  sometimes  in  the  limestone  itself, 
masses  or  pockets  of  galena  occur,  generally  of  somewhat  limited 
extent. 

The  galena  is  argentiferous,  its  silver  contents  having  been 
found  to  vary  between  20  and  60  ounces  to  the  ton.  There  are 
also  in  this  district  other  deposits  that  seem  to  be  fissure  veins 
carrying  iron  and  arsenical  pyrites,  galena,  zinc  blende  and  some 
copper  ores,  but  these  have  never  been  worked. 

In  Tringganu  a  somewhat  similar  deposit  of  galena  and  zinc 
blende  with  arsenical  pyrites  is  also  known  to  exist. 

In  Pahang,  within  the  concession  of  the  Pahang  Cor- 
poration, Limited,  a  lode  about  five  feet  wide  is  known,  which, 
in  the  upper  part,  carried  galena  assaying  30  ounces  of  silver, 
but  on  sinking  upon  it,  the  galena  was  replaced  by  zinc 
blende. 

Numerous  other  minerals,  including  ores  of  copj^er  and  of 
cobalt  have  been  met  with  in  this  concession,  but  none  hitherto  of 
workable  value. 

Stibnite  occurs  in  the  gold  quartz  veins,  and  deposits  of  it  are 
known  in  other  localities,  but  have  never  been  worked. 

In  addition  to  the  gold  output  already  given,  the  only  metal  of 
economic  importance  is  tin.  Accurate  statistics  are  not  available  ; 
the  Siamese  Malayan  Provinces  export  some  tin  direct  to  Siam 
and  possibly  China,  while  a  good  deal  is  consumed  in  the  country, 
of  none  of  which  any  record  at  all  is  obtainable.  The  Siamese 
Malayan  States  on  the  west  coast  export  a  certain  amount  to 
Penang  whence  it  is  re-exported,  and  therefore  figures  as  a  portion 
of  the  total  export.  The  quantity  thus  imported  into  Penang  was 
2,500  tons  in  1892,  and  3,500  tons  in  1893.  The  following  table 
shows  the  export  of  tin  from  the  Straits  Settlements  to  Europe 
and  America;  in  addition   to  these  amounts  about  4,000  tons  are 
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exported  annually  to   China   and  India,  the  latter   country  taking 
2,200  tons  in  1803  :— 

Table  showixg  the  Amouxt  of   Tix   Exported   from    the  Straits  Settle- 
.MEXTS  TO  Europe  axd  America  sixce  1880. 

Year.  Quantity. 

Tons. 

1880 11,735 

1881 11,400 

1882 11,705 

1883 16,958 

1884 17,548 

1885 17,320 

1886 19,674 

1887 23,977 

1888 23,855 

1889 26,112 

1890 27,390 

1891 31,567 

1892 34,273 

1893 39,944 

1894 46,284 

1895 47,685 


SlAM. 

Nothing  practically  is  known  of  the  geology  of  this  vast 
country.  The  tin  belt  that  extends  throughout  the  Malay 
Peninsula  seems  to  continue  into  Siam.  Deposits  of  alluvial  tin 
are  worked  on  some  of  the  islands  off  the  Isthmus  of  Kra  on  the 
western  side  as  already  mentioned,  and  alluvial  tin  has  also  been 
found,  though  worked  but  to  a  very  small  extent,  if  at  all,  in  the 
district  of  Chantabun,  more  famous  for  its  sapphire  and  ruby 
mines.  Mines  of  antimony  are  also  known  to  the  natives.  Of  the 
metallic  minerals  gold  is  the  most  important.  An  English  Com- 
pany, "  The  Goldfields  of  Siam,  Limited,"  worked  alluvial  and  reef 
gold  at  Pechiburi  on  the  eastern  side  of  the  Isthmus,  but  the 
operations  proved  unprofitable,  in  spite  of  the  undoubted  existence 
of  gold  in  fair  quantities. 

A  great  portion  of  the  extensive  flat  country  on  either  side  of 
the  Petriou  River  is  auriferous ;  the  natives  have  worked  in  a  few 
localities,  mostly  in  a  radius  of  ten  miles  or  so  round  tlie  village  of 
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Moung  Kabin.  A  ferruginous  "cement,"  possibly  ferruginous 
laterite,  yields  a  little  gold  in  several  places,  and  there  are  several 
spots  at  the  foot  of  the  Kao  Kampeng  range  that  show  gold  bear- 
ing gravels  whicli  the  Siamese  have  worked.  These  deposits  are 
everywhere  very  poor,  and  the  c[uantity  is  limited ;  the  natives  only 
work  them  at  the  close  of  the  rainy  season,  when  water  is  plentiful, 
and  when  they  have  apparently  no  other  occupation.  At  one  spot 
close  to  Kabin,  where  a  good  deal  of  gold  had  been  got  in  an 
alluvial  flat,  mining  opei'ations  were  commenced  on  what  seems  to 
be  a  reef  This  had  been  worked  in  the  form  of  an  open-cast  some 
2U0  feet  long,  30  to  40  feet  wide,  and  120  feet  deep,  the  longer  axis 
running  about  east  and  west.  The  country  rock  consists  of  shales, 
but  basaltic  rocks  also  exist  in  the  district  ;  the  gangue  is  a  curious 
mixture  of  quartz  and  calcite  with  grossularia  and  red  garnet, 
carrying  free  gold.  An  English  company  has  recently  been  formed 
to  work  this  place,  but  no  results  have  been  obtained  so  far.  It 
had  originally  been  opened  up  on  behalf  of  the  King  of  Siam,  one 
of  the  high  officials  of  the  kingdom  being  in  charge  of  the  opera- 
tions. After  a  good  deal  of  money  had  been  spent  without  result, 
the  king  ordered  the  mines  to  be  closed  down  and  the  manager  to 
be  decapitated.  A  French  company  has  commenced  operations 
nearer  the  Kao  Kampeng  Mountains  at  a  place  called  Wattana, 
where  rich  reefs  are  said  to  exist.  Further  in  the  interior,  gold 
is  worked  by  the  natives  (Siamese  and  Laotians)  in  a  good  many 
places,  but  nothing  definite  is  known  about  them,  nor  are  any 
statistics  respecting  the  output  available. 

Malay  Archipelago. 

The  most  valuable  mineral  product  of  the  islands  that  com- 
pose the  Malay  Archipelago  is  tin,  which  is  produced  chiefly  in 
the  Dutch  East  Indian  possessions,  the  two  small  islands  of 
Banca  and  Billiton  off  the  south-east  coast  of  Sumatra  being  by 
far  the  most  important.  Geologically  speaking,  these  deposits 
are  simply  a  continuation  of  those  of  the  Malay  Peninsula,  being 
precisely  identical  in  character ;  the  axis  of  their  hill  ranges 
consists  of  granite  in  which  dykes  of  porphyry  and  felsite  occur, 
and  against  these  masses  of  granite  rest  highly  inclined  slates 
and  sandstones  of  probably  Silurian  age.  According  to  Van  Diest, 
quoted    by  C.  M.  Rolker,^    the    average    ratio    of    pay  gravel  to 

1  "  The  Alluvial  Tin  Deposits  of  Siak,  Sumatra,  Tram.  Amtr.  Imt.  Min.  Eikj. 
XX.  1891,  p.  50. 
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barren  overburden  in  Banca  is  3  ft.  to  33  ft.,  and  the  richness  varies 
from  2"95  to  4*46  lbs.  of  metallic  tin  for  each  cubic  metre  of  excava- 
tion. Tin  has  been  worked  in  Banca  since  1710,  but  its  energetic 
exploitation  dates  from  the  occupation  of  this  island  by  the  Dutch 
in  1821.  Work  was  not  commenced  in  Billiton  till  30  years  later. 
The  mining  is  practically  all  done  by  Chinese,  who  mine  and  smelt 
the  tin  and  ship  it  to  Batavia,  in  the  island  of  Java,  whence  it  is 
exported  to  Europe.  The  Dutch  government  levy  a  tax  on  all  the 
tin  produced  ;  it  also  controls  a  large  proportion  of  the  Banca  tin 
mines,  those  on  Billiton  being  mostly  imder  the  Billiton  Maats- 
chaapij.  Part  of  this  tin  goes  to  China  and  India,  but  that 
destined  for  Europe  is  sold  by  auction  at  Rotterdam  and  Amster- 
dam. The  following  tables  show  the  proportions  of  tin  furnished 
by  the  various  districts  in  these  two  islands  and  their  total  produc- 
tion in  recent  years  : — ^ 

Productiox  of  Metallic  Tix  ix  the  VARiors  District.s  of  Baxca  ix  the 

Year  1892-3. 

Production. 
District.  Tons. 

Muntok 379 

Jebus 867 

Bhnju 1,339 

Sungei  Liah 1,408 

Merawang 788 

Pangkal  Pinang 1,105 

Sungei  Slan 731 

Koba 222 

Toboali 407 


Total 7,24G 

The  number  of  miners  employed  was  about  9,860. 
Productiox  in  the  Various  Districts  of  Billiton  in  the  Year  1892-93. 


District. 

1 

Number  of         Number  of 

Mines.              Miners. 

Black  tin 
produced. 

Metallic  tin 
produced.        j 

Tanjong  Pandang  .    .    . 

Manggar 

Linggang 

Buding 

Dindang  

Totals 

IS 
22 
18 
20 
13 

780 
2,970 
2,. 3.50 
1,470 

560 

Tons. 

434 
2,786 
2,131 
1,161 

500 

Ton.s. 

288 

1,857 

1,418 

772 

330 

91 

8,130 

7,012 

4,665 

There  were  also  some  4  tons  of  wolfram  produced  in  1892. 

*  Jacirhoek  van  het  Mijnwezen  in  Nederlandsch  Cost -indie,  1894 
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Total  Productiox  of  Metallic  Tin  in  Banca  and  Billiton  for 
THE  Years  1887  to  1893. 


In  the  small  island  of  Singkep,  close  to  Billiton,  similar 
stanniferous  alluvial  deposits  occur  in  some  of  the  valleys,  notably 
in  those  of  Daba  and  Jangkang;  these  are  worked  by  a  Dutch 
compan}',  the  Sinkep  Tinmaatschapij,  who  employ  about  450 
miners ;  their  production  in  tons  of  metallic  tin  has  been  as 
follows  : — ^ 

1889-90 1-7  tons 

1890-91 25 

1891-92 70 

1892-93 176 

In  the  island  of  Sumatra  itself,  alluvial  tin  deposits  also  occur, 
though  they  are  unimportant.  A  company  was  formed  to  work 
some  deposits  at  Siak  in  the  valleys  of  the  rivers  Lan  and  Rambei ; 
according  to  C.  M.  Rolker,^  the  bed  rock  consists  of  sandstones 
and  quartzite;  there  are  also  exposures  of  granite  consisting  of 
quartz,  albite,  white  muscovite,  and  tourmaline,  which  rock  possibly 
underlies  the  sandstones.  The  gravel  is  0'54  feet  thick  in  one 
spot  that  was  tested,  and  the  overburden  o'47  feet ;  its  richness  is 
only  2'7  lbs.  of  black  tin  carrying  70  to  72  per  cent,  of  metal  to  the 
ton.  This  works  out  to  0"348  lbs.  of  metal  to  the  cubic  metre  of 
excavation,  or  about  one-tenth  of  the  produce  obtained  in  Banca. 
According  to  official  statistics,  Siak  produced  half  a  ton  of  black 
tin  in  1891,  and  has  since  then  been  closed  down  as  being 
apparently  too  poor  to  pay. 

Borneo. — The  interior  of  this  enormous  island  is  still  prac- 
tically unknown,  but  it  evidently  contains  much  mineral  wealth  ; 
gold  placers  and  gravels  containing  jDebbles  of  waterworn  cinnabar 

^  Jaarboek  van  het  Mijnicezen  in  Nederlandsch  Oost-indie,  1894. 
-  "  The  Alluvial  Tin  Deposits  of  Siak,  Sumatra,"  Trans.  Amer.  Inst.  Min. 
Ewj.  XX.  1891,  p.  50. 
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are  knowQ  to  exist,  but  nothing  definite  is  known  about  them. 
Among  the  mineral  products  that  have  been  worked  under 
European  supervision  are  gold,  platinum,  silver,  mercury  and 
antimony.  Gold  occurs  chiefly  in  Montrado  and  Sambas,  both 
in  alluvial  deposits  and  in  quartz  reefs;  the  latter  have  been 
several  times  attacked  by  European  companies,  but  the  results 
were  not  very  encouraging.  A  Dutch  company  is  said  to  have 
CTot  in  1891  gold  to  the  value  of  £1,650. 

The  production  of  Montrado  'is  considerably  more  important ; 
between  the  years  18S0  and  1887,  the  total  production  of  Montrado 
and  Sambas  together  amounted  to  about  150  kilogr.  yearly,  out  of 
Avhich  Sambas  only  contributed  some  2  or  3  kilogr.  on  the  average. 
Alluvial  gold  is  also  obtained  in  the  Landak  valley.  The  following 
Avere  the  amounts  of  gold  obtained  by  alluvial  washers  in  1892  in 
Western  Borneo  : — 

Division. 

]Mampama 1"5  kilogr. 

Landak 14"6      „ 

Montrado 71 '9      ,, 

Sambas C"6      „ 

Borneo  also  produces  a  certain  amount  of  platinum,  respecting 
which  no  statistics  are  available ;  it  occurs  at  the  south-eastern 
extremity  of  the  island,  where  the  rocks  chiefly  consist  of  serpen- 
tine, diorite,  and  gabbro,  covered  by  a  deposit  of  clay  fifteen  feet 
in  thickness,  under  which  is  an  auriferous  bed  containing  magnetic 
iron  sand,  platinum,  and  iridosmine. 

Antimony  was  discovered  in  Borneo  in  1825.  The  chief  mine 
is  at  Bidi  in  Sarawak,  and  in  1880  antimony  to  the  value  of 
-S72,516  was  exported.  During  the  same  year  the  export  of  quick- 
silver amounted  to  $66,300. 

The  value  of  the  mineral  exports  from  Sarawak  in  1884,^  was 
as  follows  : — 

Gold g9,574 

Mercury.  .     .     S3,o50 

Antimony    .      , S57,853 

In  1882  Sarawak  exported  1,387  tons  of  silver  ore,  52  tons  in 
1883,  and  none  since  then. 

Avery  curious  deposit  is  described  by  N.  W.  Easton-  as  occurring 

'  Jaarhoek  van  het  Mijmvezen  in  XecUrlancUch  Oost-indie,  1886,  p.  130. 
-  ffi^f  Vfrkomen  van  Bi<:m>tfh  op  het  Schiereiland  Samo-sir  {Tohcmeer),  Jaarhoelc, 
.tc,  1894,  p.  8-1 
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iu  Samosir,  where  he  has  found  a  small  jDatch  of  river  sand  con- 
taining alluvial  native  bismuth;  the  deposit  rests  on  a  bed  of 
tufaceous  sandstone,  and  the  metal  occurs  in  small  rounded  masses 
covered  with  clay,  having  possibly  been  derived  from  small  pockets 
in  the  sandstone,  although  careful  examination  could  discover  no 
trace  of  bismuth  in  the  latter.  The  only  accompanying  mineral 
was  specular  iron  ore.  The  metal  was  usually  found  in  depres- 
sions in  the  sandstone.  It  has  not  been  found  in  commercial 
quantity,  only  half  a  kilogr.  having  been  collected.  The  mode  of 
occurrence  is  decidedly  unusual. 

No  statistics    of    the    annual    mineral    output    of   Borneo    are 
obtainable. 


THE  PHILIPPINE  ISLANDS. 

This  group  of  islands,  extending  from  about  o  to  20"  N.  lat., 
and  118"  to  128'  E.  long.,  has  been  but  most  imperfectly  explored, 
but  is,  nevertheless,  known  to  contain  considerable  mineral  wealth. 
The  chief  islands  of  the  group  are  Luzon  and  Mindanao,  Cebu, 
Negros,  and  a  number  of  smaller  ones.  Practically  all  that  is 
known  concerning  their  mineral  and  geological  occurrences  is  what 
can  be  gathered  from  the  reports  of  the  various  Spanish  insiDcctors 
of  mines  who  have  been  stationed  in  the  colony.^  Hitherto  the 
chief  interest  has  centred  in  the  coal  deposits,  which  are  known  in 
the  south  of  Luzon,  in  Cebu,  Negros,  Mindoro,  and  others  of  the 
islands. 

Gold. — Alluvial  deposits,  more  or  less  rich  in  gold,  seem  to  be 
Avidely  scattered  all  over  these  islands,  and  to  have  been  worked  in 
an  intermittent  desultory  fashion  for  very  long  periods.  The  first 
authentic  record  seems  to  be  in  1643,  when  certain  archives  relate 
10  the  collection  of  a  tax  know'n  as  "  the  fifth  of  the  gold  "  for  his 
Majesty  the  King,  in  Luzon.  In  1701,  and  again  in  1755,  Spanish 
adventurers  established  gold-washing  operations  in  Mambulao,  iu 
the  district  of  Camarines  Norte,  and  it  is  said  that  one  of  these  at 
any  rate  made  great  sums  of  money  as  the  result  of  his  mining 
ventures.  In  1850,  two  Spanish  companies,  "El  Ancla  de  Oro" 
and  "  La  Explotadora,"  commenced  operations  in  the  same  district, 
the  first  one  close  to  Mambulao,  and  the  second  on  the  boundary 

^  The  following  information  has  been  chieflj'^  derived  from  such  official  sources, 
and  mainly  from  a  report  by  Seuor  Don  Jose  Centeno,  formerly  Director-General 
of  Mines  at  Manila,  kindly  communicated  by  Mr.  Fi-ank  Karutli. 
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between  the  Labo  and  the  Malaguit,  near  Paracale.  A  great  deal 
of  work  seems  to  have  been  done,  and,  though  nothing  is  known  of 
the  results  obtained,  both  these  companies  had  suspended  operations 
by  the  end  of  1859.  The  natives,  however,  still  carry  on  a  certain 
amount  of  desultory  work  in  this  district,  chiefly  washing  in  the 
river  beds  ;  it  is  estimated  that  the  amount  of  gold  so  obtained  is 
about  80  ounces  per  month  on  the  average.  Numerous  other 
localities  might  be  named  in  the  island  of  Luzon,  chiefly  in  the 
province  of  Nueva  Ecija,  where  similarly  rudimentary  gold-washing 
operations  are  carried  on  intermittently  by  the  natives.  At  Para- 
cale and  Mambulao  gold  is  found  as  more  or  less  hea^vy  nuggets  in 
pockets,  generally  associated  with  iron  pyrites  and  sometimes 
copper  pyrites,  zinc  blende,  peacock  ore,  galena,  and  occasionally 
chromate  of  lead  in  fine  crystals.  In  Labo  veins  are  known 
consisting  of  a  clayey  matrix,  in  which  occur  gold,  galena,  zinc 
blende,  iron  pyrites,  and  sometimes,  though  rarely,  native  copper. 
These  veins  mostly  run  N.  and  S.,  except  at  Cumihan  and  Mount 
Lugas,  where  their  course  is  N.W.  and  S.E. ;  they  are  almost 
vertical,  and  generally  from  I  to  5  inches  in  width,  though  at 
times  much  wider.  The  country  rock,  as  far  as  known,  seems  to 
consist  of  micaceous  and  talcose  schist,  together  with  granite, 
porphyry,  eurite  and  dolerite. 

In  Mindanao,  the  districts  of  Misamis  and  Surigao,  in  the 
north-eastern  part  of  the  island,  are  known  to  be  rich  in  gold.  In 
the  first-named  district  the  rivers  Cagayau  and  Iligan  seem  to  be 
noted  for  their  richness  in  gold.  The  alluvial  deposits  appear  to  be 
the  products  of  the  degradation  of  highly  decomposed  eruptive 
rocks ;  the  gold  occurs  in  the  form  of  the  finest  dust  up  to  nuggets 
of  5  ounces  in  weight.  Veins  of  auriferous  quartz  in  talcose  schist 
are  known  to  occur  near  Cagayan.  The  annual  product  of  this 
district  is  estimated  at  2,000  ounces.  Surigao  is  supposed  to  be 
even  richer  than  the  last-named  district,  the  chief  centres  of  gold 
washing  being  in  the  mountains  of  Canimon,  Binutong  and 
Canmahat.  The  formation  is  said  to  be  talcose  schist  with  some 
serpentine,  and  in  the  former  veinlets  of  quartz  and  calcspar 
carrying  gold,  from  h  inch  to  3  inches  wide,  are  known.  In  the 
calcareous  veins  the  gold  is  accompanied  by  iron  and  copper 
pyrites,  galena  and  zinc  blende.  It  is  noticed  that  the  richer  veins 
all  run  E. — W.,  veins  in  other  directions  being  poorer  or  sterile,  but 
no  serious  work  has  yet  been  done.  There  is  no  reliable  informa- 
tion respecting  the  gold  production  of  this  district.  An  English 
company  has  recently  commenced  operations  on  what  are  described 
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as  some  extremely  promising  gold  quartz  reefs  in  Mindanao,  and 
returns  are  expected  before  very  long. 

Gold  is  also  known  to  occur  on  many  of  the  otlier  islands  of  tlie 
group,  such  as  Cebu,  Mindoro,  Panay,  Sibuyan,  Rapurapu,  and 
several  others. 

Other  Metals. — Of  these  the  most  important  is  copper,  the 
existence  of  which  in  the  Philippine  Islands  has  long  been  known ; 
it  has  been  worked  and  smelted  by  the  natives,  and  curious  horse- 
shoe shaped  pieces,  weighing  about  i  lb.,  were  at  one  time  current 
in  Luzon  as  money.  The  most  important  mines  are  those  of 
Mancayan,  in -the  district  of  Lepanto,  in  the  north  of  Luzon.  Here 
there  are  very  extensive  veins  running  in  a  body  of  quartz  of  very 
varying  texture,  from  80  to  100  metres  thick,  and  overlain  by 
argillaceous  porphyry.  This  mass  of  quartz  is  frequently  crossed 
by  veins  of  decomposed  felspar,  and  contains  numerous  pockets  of 
copper  ore,  whose  general  direction  is  W.N.W.  to  E.S.E.,  coinciding 
with  that  of  the  known  lodes.  The  total  amount  of  information 
available  is  very  meagre,  little  beyond  the  main  fact  that  copper 
exists  in  large  quantities  being  known.  Mercury  is  said  to  exist 
in  Mindanao,  but  nothing  definite  is  known  about  it ;  galena  is 
also  reported  in  the  island  of  Cebu,  No  mineral  statistics  are 
obtainable. 


JAPAN. 

The  earliest  accounts  we  have  of  Japan  ^  represent  that  country 
as  possessing  great  metallic  wealth.  Marco  Polo  tells  remarkable 
stories  about  the  gold  in  "Zipangu."  Ksempfer,  in  1727,  speaks 
of  the  mineral  wealth  of  Japan,  and  especially  of  the  abundance 
of  gold.  While  the  Portuguese  and  Dutch  had  trading  stations 
in  the  country,  it  furnished  tangible  evidence  of  the  truth  of  these 
early  reports.  Between  1550  and  1G89  the  Portuguese  merchants 
sent  home    nearly  $800,000,000    worth    of  bullion,    chiefly   gold. 

After  the  Portuguese  the  Dutch  continued  this  trade,  and 
between  1G49  and  1671  sent  home  over  -^200,000,000  in  bullion, 
of  which,  however,  nearly  two-thirds  was  silver.  In  1G71  the 
Japanese  Government  issued  an  edict  stopping  this  commerce. 
Between  160U  and  1858,  about  280,000  tons  of  copper  were  ex- 
ported  by  the  Dutch,   and  250,000   tons   by  Chinese  merchants. 

1  H.  S.  Munroe,  "The  Mineral  Wealth  of  Japan,"  TninH.   Amtr.   InfL  Miii. 
Enq.  V.  1877,  p.  23(). 
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Kaempfer,  ia  1727,  enumerates  iron  and  tin,  iu  addition  to  gold, 
silver,  and  copper,  as  products  of  Japan. 

Of  all  the  metalliferous  minerals,  the  ores  of  iron  are  the  most 
abundant,  and  nearly  all  the  ditferent  varieties  are  represented  in 
Japan,  but  magnetite  and  magnetic  iron  sand  are  probably  the 
most  important.  In  lS7-i  more  than  400  washings  for  iron  sand 
were  in  active  operation. 

Copper  is  comparatively  plentiful,  but  although  it  has  been 
mined,  to  some  extent,  for  nearly  twelve  centuries,  the  active  work- 
ing of  the  mines  dates  no  farther  back  than  about  300  years.  The 
average  annual  production  during  the  past  250  years  has  been 
about  2,800  tons ;  in  1830  it  was  4,000  tons,  and  in  1874  3,3G0 
tons.  This  represents  the  united  product  of  about  200  different 
mines,  but,  among  these,  onl}^  four  furnish  about  one-half  the 
total  am.ount.  Copper  ores  occur  in  veins  which  are  sometimes 
true  fissures,  but  more  frequently  they  are  of  limited  extent,  and 
are  apparently  irregular  deposits.  In  both  cases  there  is  usually  a 
certain  parallelism  between  the  different  veins  in  the  same  region. 
In  recent  years,  the  production  has  risen  rapidly^  from  3,000  tonnes 
in  1879  to  11,000  in  1887,  15,000  in  1890,  and  18,250  in  1892. 
The  most  important  mines  are  in  the  north  of  Nippon,  in  the 
province  of  Rikuchu,  and  in  the  island  of  Shikoku.  The  prin- 
cipal mine  is  that  of  Ashio,  about  100  miles  north  of  Tokio, 
which  has  produced  in  recent  years  about  8,000  tons  of  copper 
annually. 

The  deposits  of  lead  ore  in  Japan  are  neither  numerous  nor 
particularly  valuable.  Galena  occurs  in  veins  associated  with 
ores  of  copper  and  silver;  in  1874  thirty-five  mines  produced  207 
tons  of  lead,  more  than  half  of  which  was  the  yield  of  a  single 
mine.  Of  the  remaining  mines  probably  two-thirds  yielded  less 
than  a  ton  each. 

Tin  ore  occurs  only  in  veins,  although  it  has  been  stated  that 
deposits  of  stream  tin  have  also  been  discovered.  Nearly  all  the 
tin  produced  in  Japan  comes  from  the  Taniyama  Mine,  where 
there  are  21  distinct  veins,  averaging  eighteen  inches  in  thickness. 
These  traverse  sedimentary  rocks  composed  of  soft  tuffs,  shales 
and  sandstones,  with  occasional  beds  of  hard,  dark  blue  quartzite. 
The  surface  is  almost  everywhere  covered  with  a  deposit  of  modern 
pumice,  and  exposures  of  volcanic  rock  are  common.  The  veins 
course  from  north-west  to  south-east ;  the  strike  of  the  rocks  is 
from  north-east  to  south-west,  and  the  ore,  which  is  cassiterite,  is 

^  De  Launay,  Statistique  dt  la  production  des  yites  metaUiferes,  p.  87. 
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enclosed  ia  a  quartzose  gangue.  One  hundred  and  twenty- 
persons  are  employed,  and  the  annual  production  is  about  eight 
tons. 

In  1874,  four  mines  were  producing  antimon}',  but  only  on  a 
very  small  scale.  Cinnabar  occurs  in  two  localities,  as  impregna- 
tions in  the  sandstones  of  the  Coal-measures. 

The  silver-bearing  veins  are,  as  a  rule,  true  lodes,  continuous  in 
depth,  regular  and  persistent.  In  1874,  ninety-eight  mines  pro- 
duced 812,000  oz.  of  silver,  of  which  one-half  was  the  yield  of 
ten  mines.  Silver  occurs  associated  with  copper  and  lead  ores,  and 
sometimes  also  with  gold.  Native  silver,  argentite,  and  antimonial 
silver  ore,  are  the  only  true  silver  ores  found  ;  but  this  metal  like- 
wise occurs  in  fahlerz,  in  galena,  in  copper  and  iron  pyrites,  and  in 
blende. 

Gold  occurs  in  quartz  both  in  veins  and  in  placer  deposits, 
but  the  latter  are  uniformly  poor.  The  principal  portion  of 
the  gold  annually  produced  comes  from  mines  worked  chiefly 
for  silver.  Mines  producing  gold  alone  are,  as  a  jule,  not 
remunerative. 

According  to  the  records  of  the  Japanese  Mining  Office,  there 
were  in  1874  no  less  than  1,856  productive  mines  in  Japan.  The 
following  table  gives  the  production  of  metals  in  Japan  during  the 
year  1875  : — 


Production  of  Metals  in  Japan,  during  the  Year  1875.^ 


Metals. 

Tonnes. 

Kilogr. 

& 

Iron 

Gold 

Silver 

Copper 

Lead 

Tin 

1,135                     — 

-  376 

—  9,700 
3,045                     — 

■      188                     — 

7                    — 

10,642 

51,600 

80,496 

185,760 

4,391 

619 

Total  value     .    . 

— 

—                333,058      1 

Compared  with  the  reputed  yield  of  the  country  in  Portuguese 
and  Dutch  times,  the  above  table  shows  a  considerable  falling  off, 
especially  in  gold  and  silver.  This  is  mainly  due  to  the  increased 
value  of  labour,  and  to  the  exhaustion  of  some  of  the  more  easily 
worked  deposits. 

^  Statintique  de  PlnduMrie  Minerak  en  France,  1882,  p.  200. 
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The  following  tables  ^  show  the  production  of  metals  and  metalli- 
ferous minerals  in  Japan  during  recent  years  : — 

Production*  of  the  Mixes  worked  by  the  State  for  the  Years  1887  to  1893. 


Nature  of  ores. 

1887-88. 

1888-89. 

1889-90. 

1890-91. 

1891-92. 

1892-93. 

Gold Ounces  '      7,253 

Silver „       |  198,303 

Copper Tons  2                8-9 

Iron I      3,301 

Lead ,,               — 

Blue  vitriol  ....       ,,               • — 

8,577 
207,446 
19-3 
3,921 

7,659 
198,231 
35-1 
3,000 

8,375 
225,897 
•24-0 
3,341 

341 

7,000 
192,265 

17-2 
3,103 

348 

8,802 

275,986 

271-0 

2,272 

69 

625 

Production  of  the  Mines  worked  privately  for  the  Years  1887  to  1892. 


Xature  of  ores 


I  iold Ounces  | 

silver ,, 

Copper Tons"- 

Iron ,, 

Lead ,, 

Antimony ,, 

,,        sulphide.  ,, 

Tin 

Manganese  ore     .   .  . , 

Oxide  of  tin  ....  , , 

Arsenic ,, 

Copperas ,, 

Blue  vitriol  ....  ,, 

Mercury Cwt. 


1887. 

1888. 

18S9. 
17,050 

1890. 

1891. 

1892. 

9,515 

10,480 

15,257 

15,548 

12,738     1 

94,810 

1,168,990 

1,184,380 

1,477,981 

1,697,745 

1,640,563 

10,907 

13,176 

16,002 

17,946 

18,7-22 

20,212 

11,763 

14,830 

17,880 

18,573 

15,142 

17,220 

380 

394 

693 

764 

790 

807 

1     '"" 

}        148-7 
81 

190-5 

f          95 
1     1,773 

62 
2,174 

42 
1,324 

94 

52 

47 

44 

41 

306 

799 

928 

2,559 

3,183 

4,956 

4-0 

5-8 

9-4 

7-3 

4-8 

— 

7-8 

6-0 

4-1 

0-3 

— 

1-0 

S79 

1,127 

924 

935 

561 

— 

27 

6 

04 

27 

22 

— 

1-6 

1-6 

18-7 

7-1 

3-3 

293 

CHINA. 


Very  little  indeed  is  known  of  the  mineral  wealth  of  this 
enormous  empire;  it  produces  gold,  silver,  mercury,  coijper,  tin 
and  ii'on,  but  only  a  few  mining  districts  have  been  visited  by 
Europeans.^  The  Pingtu  Gold  Mines  in  the  Shantung  Pro- 
montory were  started  under  European  management  about  1886, 
and  closed  down  some  four  years  later  after  a  fair  amount  of 
gold  had  been  got,  A  shaft  was  sunk  to  a  depth  of  343  feet 
on  a  fissure  vein  of  quartz,  4  ft.  to  10  ft,  thick,  running  across 
bedded  gneissose  formation ;  the  surface  quartz  was  rich  and 
carried  much  free  gold,  but  in  depth  pyrites,  copfper  pyrites  and 
galena  made  their  appearance.     It  was  i^i'obably  the  difficulty  of 

■*  Resume  StatiMique  de  VEmjnre  dii  Japon,  I.SIJ."),  p.  29. 
2  One  /ti«a?i  =  0 •003697  tons. 

^  Most   of  the  following  information  has  been  taken   from   "Notes  on   the 
regress  of  Mining  in  China,"  by  Ellis  Clark,  Traws.  Amer.  Tn-sf.  Min.  Eng.  xix 
1891,  p.  571. 
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treating    these    sulphurets,  which    were,    however,    rich    in    gold, 
that  led  to  the  abandonment  of  the  mine. 

At  Ninghai,  in  the  same  province,  a  vein  of  quartz,  10  to 
80  ft.  wide,  in  granite,  carrying  gold  and  iron  pyrites,  has  been 
extensively  prospected  and  worked  to  a  small  extent ;  according 
to  Mr.  Clark,  its  average  gold  contents  is  only  about  li  dwt.  to 
the  ton. 

The  Chao-Yuen  district,  also  in  Shantung,  presents  some- 
what similar  appearances  to  the  last-named,  there  being  a  series 
of  wide  quartz  deposits  in  granite,  whose  average  assay  value  is 
nearly  half  an  ounce  to  the  ton. 

The  Chinese  also  mine  sfold  at  Yeshui  in  Mongolia,  north- 
east  from  Pekin,  the  occurrence  here  taking  the  form  of  a  network  of 
quartz  veins  in  granite ;  the  ore  averages  about  one  ounce  of  gold 
to  the  ton. 

Silver-lead  too  is  worked  in  Mongolia  by  the  Chinese  in  the  Je-hol 
district  at  Ten  Yung  Shang ;  a  strong  vein  of  ore  seems  to  run  here 
east  and  west,  dipping  to  the  north  between  50"  and  75'  in  a 
limestone  formation  near  the  contact  of  the  latter  with  metamor- 
phic  schists  ;  in  some  connection,  apparently,  with  the  main  vein 
are  a  number  of  very  flat-lying  deposits  in  the  limestone  to  the 
north  of  the  main  vein ;  as  has  been  seen,  this  is  a  by  no  means 
uncommon  mode  of  occurrence  for  lead  ores  in  a  limestone 
country.  The  vein  is  narrow,  and  carries  rich  argentiferous 
galena  and  poorer  argentiferous  blende,  the  former  assaying  300 
to  500  ounces,  and  the  latter  12  to  18  ounces  of  silver  to  the 
ton.  The  Ku-Shan-Tzu  Mines,  about  seven  miles  east  of  the 
last  named,  present  quite  similar  geological  ajipearances  ;  the  vein 
here  has  about  the  same  strike  and  dip,  and  averages  three  to 
four  feet  wide.  The  ore  is  galena  with  a  little  tetrahedrite,  and 
assays  about  100  ounces  of  silver  to  the  ton. 

There  are  copper  mines  at  Ping-Chuan-Chao  in  the  same 
district ;  the  ore  seems  to  occur  at  the  contact  of  metamorphic 
limestone  and  trachyte,  and  consists  of  silicate  of  copper  and 
some  copper  pyrites. 

Various  mineral  deposits  exist  in  the  Chi-Chao  district  on  the 
Yang-Tsze-Kiang,  namely,  a  lenticular  deposit  of  cupriferous  iron 
pyrites  at  Tsu-Hung-Tung  lying  in  limestone,  and  a  vein  of 
blende  and  galena,  rather  poor  in  silver,  which  runs  almost  per- 
pendicularly with  an  east  and  west  strike  in  a  country  rock 
consisting  of  blue  slate. 

Iron  ores  occur  in  many  different  places.     Quicksilver  is  mined 
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in  the  jDrovince  of  Kwei-Chan.  Tin  ore  is  said  to  occur  plenti- 
fully, chiefly  in  the  province  of  Yunnan,  probably  in  alluvial 
deposits.  Much  tin  is  known  to  be  mined  and  smelted  by  the 
Chinese ;  the  amount  has  been  roughly  estimated  as  between 
10,000  and  20,000  tons  per  annum ;  none  is  exported.  Antimony 
ore  is  also  produced.  The  promontory  of  Korea  is  known  to  be 
very  rich  in  gold,  occurring  both  as  alluvial  and  as  reef  gold,  the 
natives  working  the  precious  metal  in  many  places.  The  island 
of  Formosa  is  also  known  to  be  rich  in  gold. 

No  statistics  respecting  the  production  of  China  are  obtain- 
able. The  director  of  the  U.S.  Mint  in  his  report  for  1894,^ 
gives  the  following  as  the  gold  production  of  China  and  Korea 
for  the  years  named  : — 

Year.  China.  Korea. 

1891  .  .  .  10,009  kilogr.  .  .  836  kilogr. 

1892  .  .  .  12,678      /  .  .  .  918      „ 

1893  .  .  .  12,678      „      .  .  .  884      ,, 

The  production  of  silver  is  given  as  nil.  The  accuracy  of 
these  figures  may  however  be  considered  as  greatly  open  to  doubt ; 
the  output  of  Korea  is  probably  a  good  deal  larger  than  is  here 
represented. 

THE   AUSTRALASIAN   COLONIES. 

Victoria. 

The  chief  metallic  product  of  the  colony  of  Victoria  is  gold, 
but  both  tin  and  copper  ores  are  successfully  mined,  while  ores  of 
lead,  antimony,  and  iron,  likewise  occur  in  considerable  abund- 
ance. 

Gold. — The  gold  of  Victoria  is  derived  from  three  distinct 
sources,  namely,  from  recent  alluvium ;  from  deep  leads  chiefly  of 
Tertiary  age  ;  and  from  quartz  veins.  The  deposits  belonging  to 
the  first  class  require  no  detailed  description,  and  consist  of  recent 
drifts,  and  surface  accumulations  actually  in  course  of  formation.^ 

The  older  deposits  comprehend  drifts  of  Pleistocene,  Plioceoe, 
and  probably  also  of  Miocene  age,  but  of  these  the  second  are  the 
most  numerous  and   productive.       Pleistocene  deposits   generally 

1  P.  161. 

-  Much  valuable  information  relative  to  the  occurrence  of  gold  in  this  colony 
has  been  derived  from  Mr.  R.  Brough  Smyth's  Gold-Jiehls  and  Mineral  Districts  of 
Victoria,  Melbourne,  1869. 
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form  the  alluvial  fiats  which  are  found  more  or  less  constantly  in 
all  the  valleys  of  the  gold  regions,  and  through  which  the  streams 
of  the  present"  day  have  worn  their  channels.  They  are  composed 
of  gravels,  sands,  clays  and  loams,  varying  in  their  order  of  succes- 
sion, and  of  which  the  composition  differs  in  accordance  wdtli  the 
nature  of  the  rocks  from  which  they  have  been  derived. 

The  deeper  drifts,  chiefly  of  Pliocene  age,  have,  in  many  in- 
stances, been  protected  from  the  action  of  denudation  by  a  thick 
covering  of  basalt.  This  forms  a  prominent  feature  of  many  of 
the  older  leads  throughout  the  colony,  as  exemplified  in  the  case 
of  the  Durliam  Lead  near  Ballarat,  where  the  lava  has  fiowed 
down  the  course  of  an  ancient  valley  and  covered  a  river-bed 
and  its  accumulated  sands  and  gravels  to  a  depth  of  nearly  300 
feet. 

Although  a  very  large  proportion  of  these  old  river  accumula- 
tions are  of  Tertiary  age,  there  w^ould  appear  to  be  others  still 
older,  even  dating  from  the  Carboniferous  period. 

The  quartz  reefs  of  the  colony  are,  for  the  most  part,  enclosed  in 
Silurian  rocks,  which  they  frequently  traverse  parallel  to  their 
bedding,  forming  intercalated  deposits  (compare  page  150),  while  in 
other  cases  they  intersect  them  independently  of  their  stratification, 
forming  fissure  veins.  Gold  is  not  only  found  in  veins  traversing 
granite,  felsite  and  diorite,  but  is  also  sometimes  disseminated 
throughout  the  rocks  themselves.  It  likewise  occurs  in  sand- 
stones, and  between  the  bedding  planes  of  Silurian,  Devonian,  and 
other  rocks.  In  veins  it  is  often  associated  with  iron  j^yrites, 
galena  and  other  metallic  sulphides,  as  well  as  with  the  oxides  of 
iron  and  manganese,  together  with  calcite,  chalybite,  carbonate  of 
manganese  and  bitter  spar,  and,  more  rarely,  heavy  spar.  Pieces 
of  fossil  wood  found  in  the  deeper  diggings,  as  well  as  fragments  of 
mine  timbers  from  some  of  the  older  workings  in  deposits  of  this 
class,  have,  under  the  microscope,  exhibited,  distributed  throughout 
their  mass,  particles  of  gold  associated  with  iron  pyrites. 

The  principal  mining  districts  of  Victoria  are  Ballarat,  Beech- 
worth,  Sandhurst,  Maryborough,  Castlemaine,  Ararat,  and  Gipps- 
lan^.  In  the  early  days  of  gold  mining  in  Australia,  prior  to  the 
discovery  of  deep  leads,  and  before  the  working  of  quartz  reefs 
was  begun,  the  miner  was  content  to  wash  the  sands  brought 
down  by  rivulets,  the  soil  lying  on  the  slopes  of  hills,  or  gold- 
bearing  strata  accumulated  in  valleys.  From  these  shallow  filacers, 
which  were  often  immensely  rich,  has  been  derived  a  by  no  means 
inconsiderable  proportion  of  the  gold  produced  in  Victoria. 
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The  principal  gold-fields  of  the  mining  district  of  Ballarat  are 
Ballarat,  Buninyong,  Creswick,  Climes,  Smythesdale,  Blackwood, 
Steiglitz  and  Gordon,  at  all  which  places  rich  surface  gravels 
and  shallow  deposits  have  been  found.  The  shallow  diggings  at 
Buninyong  and  Smythesdale,  like  those  of  Ballarat,  were  once 
remarkable  for  the  Avealth  obtained  from  shallow  gullies  and  from 
the  surface  of  the  hills.  At  Creswick  the  shallow  alluvium  was 
in  many  places  very  rich,  and  shortly  after  the  field  was  first 
opened  a  party  of  miners  took  145  oz.  of  gold  from  the  bottom  of 
their  shaft ;  and  where  a  rich  patch  was  struck,  it  was  by  no  means 
uncommon  to  see  12  oz,  washed  out  of  one  tubful  of  dirt.  The 
Blackwood  gold-fields  are  situated  on  the  upper  tributaries  of 
the  Lerderderg  River,  which  have  cut  deeply  into  the  schists 
forming  their  beds.  This  gold-field  offered  peculiar  facilities  to 
miners  with  limited  capital,  inasmuch  as  no  deep  sinking  was 
required,  nor  was  any  machinery  for  lifting  water  necessary,  since 
there  is  in  every  part  an  ample  fall  for  the  drainage.  The 
Steiglitz  gold-field  is  situated  on  the  upper  waters  of  Sutherland's 
Creek,  a  tributary  of  the  Moorabool  River.  When  these  diggings 
were  first  opened,  about  the  year  1855,  one  miner,  assisted  by  a 
boy,  is  said  to  have  collected  gold  to  the  value  of  £100  in  one 
month,  and  nuggets  of  ten  ounces  and  above  were  sometimes  met 
with.  Gold  is  found  in  every  part  of  the  Ballarat  district  Avhere 
Palaeozoic  rocks  come  to  the  surface. 

The  principal  mining  localities  of  the  district  of  Beechworth 
ai'e  Beechworth,  Yackandandah,  Chiltren,  Wahgunyah,  the  Upper 
Ovens,  Morse's  Creek,  Omeo,  Wood's  Point,  Maindample,  Alex- 
andra and  Ghin-Ghin.  This  is  an  interesting  district,  since  it  not 
only  contains  shallow  alluvium,  deep  leads,  and  rich  quartz  veins, 
but  also  yields  stream  tin,  and  various  other  minerals,  including, 
occasionally,  the  diamond.  The  Beechworth  and  Yackandandah 
gold-fields  lie  within  the  network  of  ranges  some  twenty  miles 
south  of  the  river  Murray,  and  comprehend  many  tributaries  of 
Kiewa  Creek  and  the  Ovens  River.  In  some  places  masses  of 
granite  protrude  above  the  surface,  and  the  detritus  of  sedimentary 
strata  appears  to  have  been  left  in  basin-like  depressions  in  the 
granite.  Tin  ore  is  found  in  many  places,  and  in  Serpentine 
Creek  the  black  sand,  which  is  in  the  proportion  of  a  pound  to  a 
panful  of  dirt,  yields  gold  at  the  rate  of  two  ounces  per  ton.  The 
Ovens  River  is  everywhere  auriferous;  the  bed-rock  is  generally 
very  uneven,  and  consists  of  soft  yellow  sandstone  interstratified 
with  hard  blue  slates.     In  the  Morse's  Creek  gold-field  some  very 
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rich  claims  have  been  worked.  One,  taken  up  by  a  company  of 
six  men,  yielded  for  some  time  from  60  to  150  oz.  of  gold  per 
week  ;  and  near  Harrietville  the  miners  found  gold  in  the  ranges 
at  heights  varying  from  40  to  100  feet  above  the  level  of  the 
streams. 

The  Wood's  Point  gold-field  lies  on  the  northern  slopes  of  the 
great  dividing  range  which  separates  the  Gippsland  waters  from 
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Y\G.  107.— Auriferous  River-betl ;  loiigitmliiial  section. 

those  of  the  Murray  district.  The  formation  is  schistose,  and  the 
rocks,  which  are  usually  of  Upper  Silurian  age,  are  remarkable  for 
being  traversed  by  eruptive  dykes  and  metalliferous  veins.  Some- 
times, although  rarely,  the  gold  lies  either  in  a  thin  layer  of  sand 
or  pipeclay,  or  directly  on  the  surface  of  the  bed-rock.  More 
frequently,  however,  it  is  met  with  in  the  crevices  of  the  rock  itself, 
which,  near  the  surface,  is  often  more  or  less  decomposed,  and  is 
broken  up  by  the  miner  to  a  depth  of  from  20  inches  to  2  feet. 
Gold  is  also  found  in  pot-holes,  and  where  these  cavities  occur, 
the  bed-rock  is  usually  either  a  hard  schist  or  a  somewhat  decom- 
posed granite.  When  the  gold  is  found  either  on  the  surface  of 
the  bed-rock,  or  is  embedded  in  pipeclay,  the  course  of  the  stream 


Fig.  lOS.— Auriferous  River-lied  ;  transverse  section. 

is  usually  across  the  strike  of  the  rocks,  and  the  gold,  with  more 
or  less  sand,  is  chiefly  found  behind  a  hard  bar,  such  as  that  seen 
in  Fig.  107,  from  The,  Gold-fields  cmd  Mineral  Districts  of  Victoria, 
in  which  a  is  the  surface  of  the  water,  h,  wash  composed  of  large 
disc-shaped  slate  pebbles  with  quartz  and  a  little  gold,  c,  bed-rock 
slate,  and  d,  gold  associated  with  sand.  In  some  cases  the  gold 
accumulates  on  one  side  of  a  creek,  as  shown  in  Fig.  108,  in  which 
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(t  is  the  sloping  bed-rock  of  slate,  h,  gold  in  pipeclay,  and  c 
ordinary  wash  consisting  of  slaty  pebbles  with  fragments  of  quartz 
and  a  little  gold.  The  depth  of  the  Avash  passed  through  the 
washing  sluices  varies  in  different  localities,  and  is,  to  a  consider- 
able extent,  regulated  by  the  facilities  which  may  be  at  the 
command  of  the  miner.  Sometimes  the  whole  of  the  drift,  and 
two  feet  of  the  bed-rock,  is  passed  through  the  washing  apparatus, 
but  the  gold  is  chiefly  obtained  either  from  the  surface  of  the  bed- 
rock, or  from  joints  in  the  rock  itself. 

In  the  district  of  Sandhurst,  the  most  important  mining 
localities  are  Sandhurst,  Huntly,  Sebastian,  Raywood,  Kamarooka, 
Myer's  Creek,  Bullock  Creek,  Mclvor,  Duck  Ponds,  Redcastle, 
Rushworth,  \Yhroo,  Kilmore,  Reedy  Crefek,  King  Parrot  Creek, 
and  Yea.  The  gold-fields  of  Sandhurst  are  situated  on  the  upper 
23art  of  the  Bendigo  Creek,  which,  for  a  distance  of  sixteen  miles, 
runs  nearly  due  north,  its  basin  being  bounded  on  the  east  and 
west  by  low  schistose  hills  running  north  and  south.  These  throw 
off  numerous  spurs,  some  of  which  are  nearly  at  right  angles  to  the 
principal  range,  while  others  are  approximately  parallel.  Although 
now  more  remarkable  for  the  large  yield  of  gold  obtained  from  its 
f[uartz  veins  than  for  the  value  of  its  alluvial  deposits,  Bendigo 
at  one  time  attracted  thousands  of  miners  to  its  shallow  digorincrs, 
and  many  tons  of  gold  have  been  obtained  from  these  dei^osits. 
The  area  of  this  gold-field  is  about  sixteen  square  miles,  nearly  one 
fourth  of  which  is  covered  by  alluvium.  Tertiary  drifts  also  occur 
at  Bendic^o.  The  other  gold-fields  of  the  Sandhurst  district 
require  no  special  notice. 

The  mining  district  of  Maryborough  comprehends  the  gold- 
fields  of  Maryborough,  Amherst,  Majorca,  Talbot,  Avoca,  Lamplough, 
Amphitheatre,  Mountain  Hut,  Peter's,  St.  Arnaud,  Moonamble 
Red-bank,  Bet -Bet,  and  several  others.  The  Daisy-Flat  Lead  at 
Amherst,  which  is  about  seven  miles  in  length  and  at  one  point 
nearly  a  mile  in  width,  had  in  its  neighbourhood  very  rich  patches 
of  shallow  alluvium,  derived  from  a  series  of  parallel  quartz  veins 
lying  to  the  south-west.  Black  Creek,  which  is  a  tributary  of 
Deep  Creek,  has  been  remarkable  for  its  numerous  shallow 
alluviums,  and  the  aggregate  length  of  all  its  gullies  and  flats 
may  be  taken  at  nearly  twenty  miles.  The  Amphitheatre  and 
Mountain  Hut  Diggings  are  on  the  sources  of  the  Avoca  River, 
and  lie  immediately  north  of  a  basin  having  the  western  spur  of 
the  great  dividing  range  for  its  southern  rim.  This  basin  is 
composed  of  granite,  and  the  dividing  ranges  follow  very  closely 
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the  boiuidai'ies  of  the  formations.  At  Lraiiplougli  the  rich  ground 
occurred  in  patches,  and  in  one  case  108  oz.  of  gold  were  here 
obtained  from  five  loads  of  wash-dirt.  The  St.  Arnaud  gold-field 
is  not  less  remarkable  for  its  steady  yield  of  gold  than  for  the 
silver  found  in  veins  in  the  neighbourhood.  In  this  district  the 
operations  of  the  miner  are  frequently  imjDeded  from  want  of  the 
water  necessary  for  washing  the  auriferous  dirt.  - 

The  Castlemaine  mining  district  includes  the  gold-fields  of 
Castlemaine,  Fryers'  Creek,  Taradale,  Yandoit,  Hepburn,  Dayles- 
ford,  Blue  Mountain,  Malmsbury,  Anderson's  Creek,  and  the  Upper 
Yarra.  The  greater  portion  of  the  gold-field  'of  Castlemaine  is 
occupied  by  ranges  composed  of  sandstones,  mudstones  and  slates, 
which  are  probably  of  Silurian  age.  These  rocks  are  usually  not 
much  altered  excepting  in  the  immediate  vicinity  of  the  granite, 
where  hard  fissile  slates  make  their  appearance.  The  strata  are 
everywhere  intersected  by  veins  of  auriferous  quartz,  and  all  the 
creeks  and  gullies  are  filled  with  recent  alluvium,  varying  in 
thickness  from  a  few  inches  to  fifty  feet.  In  the  vicinity  of  Red 
Hill  there  were  four  distinct  lines  of  alluvium,  the  depth  at  the 
sides  varying  from  one  to  six  feet,  buc  gradually  increasing  to 
fifteen  feet  to  the  dip.  Here  a  party  of  miners  took  from  their 
claim  gold  to  the  value  of  £30,000,  and  another  found  600  oz.  in 
one  pocket;  the  average  yield  was  about  12  oz.  to  the  tub. 
Patches  of  the  older  drifts  occur  in  many  places  in  Fryers'  Creek, 
but  their  continuity  has  been  destroyed  by  denudation.  The 
shallow  diggings  in  this  place  were  once  exceedingly  rich. 

The  principal  gold-fields  of  the  Ararat  district  are  Ararat, 
Armstrong's,  Greajt  Western,  Pleasant  Creek,  Moyston,  Barkly  and 
Beaufort.  The  greater  portion  of  this  district  is  occupied  by 
basalt  and  lavas,  but  west  of  Wickliffe  there  is  one  isolated  patch 
of  the  older  Palaeozoic  rocks  traversed  by  quartz  reefs.  A  large  tract 
towards  the  north  is  occupied  by  Upper  or  Middle  Palaeozoic  rocks, 
with  an  exposure  of  granite  east  of  the  Victoria  range.  Still 
further  westward  a  large  mass  of  granite  rises  from  the  centre  of 
an  area  of  gneiss  and  mica  schists  ;  but  no  gold  appears  to  have 
been  found  within  this  area.  The  gold-fields  of  Ararat  proper  are 
situated  on  the  eastern  slopes  of  the  Mount  Ararat  Range,  which  is 
a  small  sjiur  of  the  Coast  Range. 

Among  the  many  mining  localities  of  the  Gippsland  mining 
district  are  Jericho,  Donnelly's  Creek,  Stringer's  Creek,  Fulton's 
Creek,  Hawthorn  Creek,  Red  Hill  Diggings,  Crossover,  &c.,  in- 
cluding the  Wonnongatta,  Wentworth,  and  other  rivers  with  their 
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numerous  tributaries.  Shallow  alluvium  containing  gold  occurs  on 
all  the  tributaries  of  the  La  Trobe,  whose  sources  lie  in  ranges 
composed  of  Palseozoic  mudstones  and  shales,  among  which 
numerous  small  gullies  and  watercourses  have  at  various  times 
given  employment  to  small  parties  of  miners. 

Although  the  precise  horizon  of  the  auriferous  Tertiaries  of 
Victoria  have  not,  in  all  cases,  been  determined  with  exactitude,  it 
is  notwithstanding  believed  that  those  hitherto  examined  have 
not  often  been  of  Pre-Pliocene  age.  It  is  also  a  generally  received 
opinion  that  no  organisms  of  marine  origin  have  as  yet  been  found 
associated  with  any  of  the  gold-drifts  of  the  colony,  and  although,  it 
has  been  affirmed  that  marine  fossils  have  been  met  with  in  some 
of  the  deep  leads  at  Creswick,  the  statement  appears  to  require 
confirmation.  Generally  speaking,  deep  leads  are  so  covered  by 
thick  deposits  of  sand  and  other  detrital  matter  that  it  is  rarely 
possible,  from  surface  indications  only,  to  determine  with  any  degree 
of  certainty  either  their  true  position  or  their  approximate  extent. 
This  difficulty  is  materially  increased  where  deposits  of  this  class, 
as  is  frequently  the  case,  have  become  covered  by  flows  of 
lava.  It  is  true  that  leads  of  this  kind  usually  run  nearly  parallel 
to  the  oeneral  direction  of  the  existino-  streams,  but  minor  devia- 
tions  from  such  a  course  are  nevertheless  numerous.  Their  depth 
from  the  surface  is  often  considerable,  and  the  cost  of  drainage 
great.  It  likewise  frequently  happens  that  a  lead  which  has  been 
rich  for  a  considerable  distance  suddenly  widens  and  becomes  un- 
profitable, to  the  miner,  so  that  the  Avork  of  prospecting  is  both 
costly  and  uncertain. 

When,  as  at  Ballarat,  a  lead  is  covered  by  a  capping  of  basalt, 
its  course  can  only  be  determined  accurately  by  expensive 
underground  workings,  or  approximately  by  bore-holes.  In  the 
deej)  workings  at  Ballarat,  as  well  as  in  various  other  gold-fields, 
large  trees  are  often  discovered  in  the  black  clays  overlying  the 
wash-dirt.  Excepting  on  their  outer  surfaces,  the  texture  of  these 
trees  is  scarcely  altered,  and  they  are  often  so  well  preserved  as  to 
admit  of  being  readily  carved  or  made  up  into  furniture.  The 
carbonised  appearance  of  the  outside  of  such  trees,  is  probably 
due  to  changes  effected  by  the  forces  which  gradually  convert 
forests  into  coal-seams.  As  a  means  of  conveying  a  distinct  idea 
of  the  nature  of  the  ground  passed  through  in  deep  sinkings, 
the  following  epitome  of  an  account  of  the  workings  of  the  Great 
North- West  Company  at  Ballarat  may  not  be  without  interest.^ 

^  R.  Brough  Smyth.  The  Gold-fields  and  Mineral  Districts  of  Victoria,  p.  147. 
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The  surface  soil  \Yas  thin,  consisting  of  a  few  inches  of  dark 
mould  covering  a  stratum  of  sandy  loam,  at  the  base  of  which  were 
found  numerous  j^ebbles  of  brown  iron  ore.  Between  this  and  the 
first  layer  of  basalt  was  a  bed  of  yellow  sand,  varying  in  thickness 
from  a  few  inches  to  -two  feet.  The  first  basalt,  which  in  some 
places  cropped  out  at  the  surface,  was  found  to  be  35  feet 
in  thickness,  and  between  this  and  the  second  flow  of  the  same 
rock  there  were  11  feet  of  red  clay,  intersected  by  numerous 
vertical  cracks,  and  containing  neither  fragments  of  quartz  nor 
vegetable  remains.  The  second  layer  of  basalt  was  144  feet  in 
thickness  and  was  usually  compact,  but  somewhat  cavernous 
towards  the  top.  In  sinking  the  shaft,  water  in  considerable 
quantities  was  first  encountered  at  the  top  of  this  rock,  and  when 
the  pumping  machinery  was  stopped  it  rose  to  a  height  of  11 
feet  above  this  level.  Coloured  clays,  28  feet  in  thickness, 
containing  lignite  and  occasional  fragments  of  quartz,  were  found 
beneath  the  second  basalt,  immediately  beneath  which  the  clay 
was  nearly  black,  but  at  a  somewhat  greater  depth  it  became 
brown.  Below  this  brown  clay  came  two  feet  of  white  clay  mixed 
with  sand  and  fragments  of  quartz,  covering  a  seam  of  compact 
lignite,  also  two  feet  in  thickness.  The  colour  of  the  clay  beneath 
the  lignite  was  green.  The  third  layer  of  basalt,  57  feet  in 
thickness,  contained  numerous  vesicles,  and  was  somewhat  columnar 
in  structure. 

Beneath  the  third  basalt  was  a  layer  of  clay  about  eleven  feet 
thick  which  at  top  seemed  to  be  covered  with  ashes,  and  on  this 
horizon  were  found  the  remains  of  a  large  tree.  The  trunk  had  • 
the  appearance  of  having  been  burnt  off,  while  the  upper  parts  had 
become  carbonised,  and,  when  broken,  exhibited  a  glossy  fracture 
like  that  of  charcoal  or  coal.  The  roots,  which  were  traced  down- 
wards into  the  clay,  showed  no  indication  of  the  effects  of  fire, 
even  the  smallest  rootlets  being  in  a  state  of  remarkable  pre- 
servation. This  clay,  excepting  quite  at  the  top  and  towards 
the  bottom,  was  of  a  light  greenish  colour,  and  was  traversed 
by  nearly  perpendicular  fissures  apparently  resulting  from 
contraction. 

Tiie  fourth  layer  of  basaltic  rock  was  struck  at  a  depth  of 
284  feet,  and  at  the  date  at  which  the  description  was  written  had 
been  sunk  in  to  a  dejith  of  27  feet.  The  schistose  bed-rock,  which 
had  been  reached  by  boring,  was  found  at  a  depth  of  355  feet 
from  the  surface,  thus  showing  that  the  shaft  had  still  to  be 
sunk    throucrh   a   further   thickness    of    21     feet    of    basalt   and 
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through  23  feet  of  clay  and  gravel.  The  water  pumped  from 
deep  workiags  is  usually  brackish,  and  is  sometimes  even  de- 
cidedly salt. 

At  Creswick  a  large  tree  was  found  embedded  in  black  clay  at 
a  depth  of  130  feet  from  the  surface.  In  these  workings  the 
following  section  was  exposed,  namely : — 

Feet. 
Basalt 100 

Sand  and  gravel 19 

Stiff  black  clay 6 

Black  drift  with  fossil  tree 5 


Total  .     .     .     130 

The  leaves  and  trunks  of  trees,  as  well  as  beds  of  lignite, 
are  of  common  occurrence  in  the  majority  of  the  deeper  drifts  of 
Australia,  but  they  do  not  appear  to  have  been  as  yet  studied  with 
the  amount  of  attention  which  could  be  desired.  Some  leaves 
found  several  years  since  in  the  gold  drifts  beneath  the  basaltic 
capping  of  Table  Mountain  in  California,  were  submitted  to 
Dr.  Newberry,  who  described  them  as  closely  resembling  species 
found  in  the  later  Tertiaries  of  Europe.^ 

In  the  neighbourhood  of  Ballarat,  as  well  as  in  various  other 
regions  in  Victoria,  the  Palaeozoic  rocks  have  been  subjected  to 
extensive  erosion  by  the  action  of  forces  which  have  at  the  same 
time  effected  the  disintegration  of  the  original  outcrojDs  of  the 
quartz  reefs ;  and  these,  having  undergone  a  natural  process  of 
grinding  and  washing,  have  given  rise  to  the  formation  of  drifts 
containing  a  much  larger  proportion  of  gold  than  did  the  veins 
from  which  they  were  originally  derived.  When,  therefore,  quartz 
reefs  are  intersected  by  auriferous  leads,  the  wash-dirfc  is  usually, 
for  some  distance  below  the  point  of  their  intersection,  much  richer 
than  elsewhere. 

The  Duke  of  Cornwall  Company  reached  the  gutter,  as  the 
deeper  part  of  a  lead  is  usually  called,  at  a  depth  of  263  feet 
6  inches  from  the  surface,  where  it  was  from  60  to  100  feet 
in  width ;  the  thickness  of  the  wash-dirfc  was  about  4  feet,  and 
from  about  8,200  cubic  feet  of  stuff  5,000  oz.  of  gold  were 
obtained. 


1  Geological  Survey  of  California,  p.  250. 
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The  section  of  their  shaft  is  thus  given : — • 

Basaltic  rock,  inchiding  surface  soil 

Red  clay 

Basaltic  rock 113 

Gray  clay    .     .     .     .   ■ 9 

Drift,  gravel,  and  sand 

Basaltic  rock 

Wash-dirt 

Total  depth  to  bed-rock  ....  263     6 

At  Castlemaine  and  Bendigo,  where  extensive  denudation  has 
taken  place,  deposits  which  are  the  analogues  of  the  deep  leads  of 
Ballarat  stand  out  on  the  surface  in  the  form  of  ^  bosses.  These 
have  frequently  been  cut  through  by  recent  streams,  and  in  such 
cases  the  drift  in  their  beds  consists  partially  of  the  debris  of  these 
older  deposits,  and  in  part  of  fragments  of  adjoining  quartz-bearing 
strata.  In  fact,  drifts  of  three  or  four  different  ages  may  sometimes 
be  observed  in  the  bed  of  the  same  stream. 

It  would  be  impossible  to  enumerate  the  results  obtained  by 
any  large  number  of  undertakings  Avorked  upon  deep  leads,  but  in 
order  to  convey  some  idea  of  their  former  richness  in  the  vicinity 
of  Ballarat  the  following  examples  may  be  cited.  At  Gum-Tree 
Flat  a  party  of  six  men  took  out  1,344  oz.  of  gold  in  ten  weeks, 
and  at  the  same  place  another  party  obtained  gold  to  the  value  of 
£24,000  in  four  months.  A  third  party  of  eight  men,  got  £20,000 
in  five  months.  According  to  Mr.  Wood,  who  furnished  Mr.  R 
Brough  Smyth  with  a  comprehensive  statement  relative  to  the 
operations  of  some  of  the  more  important  mining^companies  then 
working  at  Ballarat,  forty-two  of  them  had,  previous  to  the  year 
18G9,  yielded  gold  of  the  aggregate  value  of  £4,305,563, 

Mr.  Brough  Smyth  states  that  he  had  taken  considerable  pains 
to  collect  authentic  information  with  regard  to  drifts  believed  to 
be  of  Miocene  age,  and  not  supposed  to  contain  gold  in  sufficient 
quantities  to  rejDay  the  miner  for  its  extraction.  Among  other  facts 
bearing  upon  this  subject,  attention  is  called  to  the  circumstance 
that  in  sinking  the  prospecting  shaft  of  the  Golden  Rivers  Company, 
after  passing  through  a  drift  containing  well-rounded  quartz  pebbles 
associated  with  large  quantities  of  iron  pyrites,  the  miners  struck  a 
seam  of  black  clay  enclosing  fossil  trees  with  a  little  fine  gold,  and 
beneath  this  was  a  thick  stratum  of  sandy  clay  with  small  fragments 


VICTORIA 


629 


of  fossil  wood.  On  the  bed-rock,  composed  of  a  hard'  yellow  sand- 
stone, gold  was  obtained  from  every  sample  washed  ;  and  further 
exploration  showed  that  gold  was  present  wherever  the  sandstone 
was  laid  bare,  although  not  in  sufficient  quantity  to  pay  for  working. 
The  flow  of  the  ancient  channel  appears  to  be  north-east,  and  the 
drift  therein  deposited  is  probably  of  Miocene  age. 

Sir  A.  Selwyn  gives  the  following  section  of  the   strata  near 
Golden  Rivers.^ 

1.  Upper  basalt,  twenty-five  to  thirty  feet. 

2.  Pliocene  gravel,  about  fifty  to  sixty  feet. 

o.  Miocene  gravel,  &c.  ("  false  bottom  "  of  miners),  gravel,  sand, 
clay  and  boulders,  with  fossil  leaves  and  wood,  about  400  feet. 
4.  Silurian  slates,  &c. 

In  a  claim  at  Wombat  Hill,  Daylesford,  a  pipe  or  dyke  of  basalt 
was  met  with  which  caused  the  miners  considerable  trouble  and 


Fig.  109.— Section  at  Wombat  Hill,  Daylesford. 

expense.  Believing  it  to  form  a  portion  of  a  basaltic  capping  of 
the  ordinary  character,  they  sunk  a  winze  upon  it  from  the  floor 
of  their  tunnel  to  a  depth  of  170  feet  without  finding  any  bottom, 
but  subsequently  they  drove  through  it  and  discovered  the  gutter 
on  the  other  side.  This  dyke  (Fig.  109),  after  K  Brough  Smyth, 
is  about  fifty  feet  in  width,  and  the  thickness  of  the  overlying 
capping  of  basalt  225  feet.  It  would  appear  that  the  drift 
and  neighbouring  stratified  rocks  were  but  very  slightly,  if  at  all, 
disturbed  by  the  passage  of  the  dyke  through  them,  which,  under 
the  circumstances,  is  somewhat  remarkable.  The  shaft  shown 
in  the  section  was  sunk  to  a  depth  of  130  feet,  and  the  strata 
^  Xoft.-i  on  the  Physical,  Gtorjraphy,  Geology,  and  Mineralogy  of  Victoria. 
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passed  through  consisted  of  surface  soil,  10  feet;  basalt,  80  feet; 
and  Silurian  schist,  40  feet.  The  miners  then  drove  390  feet 
east,  and  there  encountered  the  basaltic  dyke,  which  courses 
in  a  south-easterly  direction.  They  afterwards  sank  170  feet,  fol- 
lowiug  the  western  limit  of  the  basalt;  but,  finding  it  continuous, 
extended  the  original  south-easterly  level,  and  found  the  lead 
on  the  other  side,  which  abruptly  terminated  at  the  edge  of  the 
dyke. 

In  all  the  gold-fields  of  Victoria  a  stratum  of  ferruginous  con- 
glomerate, composed  of  rounded  pebbles  of  quartz,  angular 
fragments  of  the  same  rock,  and  small  pieces  of  schist,  is  occa- 
sionally found  overlying  the  bed-rock,  and  touching  it  in  some 
places,  while  in  others  it  may  be  situated  from  a  few  inches 
to  several  feet  above  it.  At  Sandhurst,  Maryborough,  Castlemaine, 
in  some  parts  of  the  Beechworth  district,  and  at  Ararat,  the  cement 
has  been  highly  auriferous,  but  its  hardness  prevents  the  ready 
separation  of  its  gold  by  the  ordinary  process  of  sluicing  and  washing. 
In  fact,  in  some  places  it  is  so  hard  that  blasting  has  to  be  resorted 
to.  At  Ballarat  the  cement,  which  varies  from  two  to  eight  feet  in 
thickness,  occurs  as  a  dark  brown  mass,  consisting  of  a  mixture  of 
pebbles  and  quartz  boulders,  united  by  a  cement  strongly  coloured 
by  hydrated  ferric  oxide.  The  hardness  of  auriferous  cement  often 
renders  it  necessary  that  it  should  be  sent  to  the  stamp-mill, 
where  it  is  treated  like  ordinary  gold  quartz.  At  Sandhurst  cement 
occurs  in  the  shallow  alluvium  as  well  as  in  the  deep  leads,  and  was 
in  some  places  very  rich.  The  gold  embedded  in  it  is  in  the  form  of 
grains,  scales,  and  small  nuggets.  In  some  places  these  conglome- 
rates have  averaged  as  much  as  12  oz.  of  gold  to  the  ton.  As  might 
be  anticipated,  the  distribution  of  the  gold  is  exceedingly  irregular, 
and  at  one  place  in  the  Ararat  district  a  parcel  of  20  tons  of  cement 
yielded  nearly  860  oz.  Some  of  these  conglomerates,  as  well  as  the 
ordinary  auriferous  drifts  of  Victoria, contain  pebbles  and  imjDerfectly 
rounded  grains  of  cassiterite. 

Among  the  unusually  large  nuggets  which  have  at  various 
times  been  found  in  this  colony,  the  most  valuable  was  the  "  Welcome 
Stranger,"  found  near  Dunolly,  which  weighed  2,280  oz.  and  afforded 
2,268  oz.  of  gold.  The  next  largest,  the  "  Welcome  Nugget," 
was  found  at  Ballarat,  at  a  depth  of  180  feet,  in  June  1858  ;  it 
was  much  water- worn,  had  attached  to  it  about  10  lbs.  of  quartz, 
clay,  and  oxide  of  iron,  and  contained  2,166  oz.  of  gold.  The 
"  Blanche  Barkly,"  was  found  in  Kingower,  at  a  depth  of  13  feet, 
and  had  attached  to  it  about  2  lbs.  of  quartz,  oxide  of  iron,  &c. 
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This  nugget  yielded  1,743  oz.  13  dwt.  of  gold,  of  the  value  of 
£6,905  12s.  9d.  In  1851  a  nugget  was  found  by  a  native  among 
a  heap  of  quartz  on  the  surface  of  the  ground  at  Meroo  Creek, 
on  the  Turon  river.  When  discovered  it  was  in  three  pieces,  which 
together  weighed  about  If  cwt,  and  consisted  of  1,272  oz.  of  gold 
with  nearly  I  cwt.  of  quartz.  Numerous  other  nuggets,  yielding- 
each  above  1,000  oz.  of  gold,  besides  almost  innumerable  smaller 
ones,  have  at  different  periods  been  found  in  Victoria,  and  have 
been  met  with  at  all  depths,  from  the  surface  of  the  ground  to  the 
top  of  the  deepest  bed-rock. 

Numerous  theories  have,  at  different  times,  been  propounded 
to  account  for  the  origin  of  nuggets.  By  one  of  them  it  is  suggested 
that  the}^  may  have  grown  in  the  sands  and  gravels  in  which  they 
are  found,  and  may  even  yet  be  gradually  getting  larger  through 
the  addition  of  successive  layers  of  gold.  Evidence  of  the  presence 
of  gold  in  the  deep  leads  in  a  state  of  solution,  and  of  its  subsequent 
deposition  in  the  metallic  state  within  comparatively  recent  times, 
is  supposed  to  be  afforded  by  the  auriferous  character  of  some  of  the 
pyrites  found  in  the  ancient  drifts  at  Ballarat  and  elsewhere, 
which,  although  still  retaining  the  form  of  roots  and  branches, 
contains  gold.  Mr.  H.  A.  Thompson  states  that  a  fine  specimen  of 
crystallised  iron  pyrites,  deposited  on  a  piece  of  wood  taken  from 
the  drift  immediately  below  the  basalt  at  Ballarat,  gave  by  assay 
40  oz.  of  gold  i^er  ton  ;  and  in  another  case,  in  which  iron  pyrites 
from  the  centre  of  an  old  tree  trunk  was  assayed,  the  jdeld  was  at 
the  rate  of  above  1  oz.  10  dwt.  of  gold  per  ton. 

An  accidental  discovery  made  some  years  ago  by  Mr.  Daintree, 
and  some  more  recent  experiments  by  Mr.  Wilkinson,  are  also 
supposed  to  be  favourable  to  this  hypothesis.  Mr.  Daintree's  dis- 
covery consisted  in  the  fact  that  if  a  speck  of  gold  be  placed  in 
a  solution  of  the  chloride  of  that  metal,  and  a  fragment  of  wood  or 
cork  be  also  introduced,  a  deposit  of  gold  takes  place,  and  the 
original  fragment  gradually  increases  in  size.  Mr.  Wilkinson's 
experiments  further  prove  that  under  similar  circumstances  iron 
pyrites,  chalcoioyrite,  mispickel,  galena,  and  various  other  minerals 
serve  as  a  nucleus  on  which  a  deposit  of  gold  may  take  place. 
From  this  it  is  argued  that  the  organic  matter,  so  abundant 
in  the  drift,  may  be  the  agent  by  which  gold  has  been  pre- 
cipitated from  solution.  Although  this  very  ingenious  theory  is 
worthy  of  consideration,  there  would  appear  to  be  various  points 
relative  to  which  further  information  would  be  desirable,  and  some 
of  the  conclusions  would  seem  to  be  contrary  to  observed  facts. 
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Large  pieces  of  gold  have  been  found  in  quartz  veins,  and  very 
few  large  nuggets  have  been  discovered  which  have  not  been 
accompanied  by  a  considerable  amount  of  adhering  quartz.  That 
masses  of  gold  of  considerable  weight  have  been  more  frequently 
met  with  in  drifts  than  in  quartz  veins,  would  be  readily  accounted 
for  by  the  fact  that  the  former  represent  a  vastly  greater  mass  of 
original  auriferous  quartz  than  has  hitherto  been  removed  by  the 
miner  directly  from  the  reefs.  In  the  Garibaldi  lands  at 
St.  Arnaud  a  mass  of  gold  weighing  500  oz.  was  found  in  a 
quartz  vein,  and  with  it  various  smaller  pieces  weighing  in  the 
aggregate  nearly  400  oz. 

The  fact  that  alluvial  gold  is  generally  purer  than  that  directly 
obtained  from  quartz  reefs,  has  also  been  used  as  an  argument  in 
favour  of  their  having  had  a  different  origin.  It  is,  however,  well 
known  that  stream  tin  produces  metal  of  a  superior  quality  to  that 
obtained  directly  from  the  mine,  and  in  the  same  way  gold  which 
has  been  long  exposed  to  the  action  of  water  and  oxidising  in- 
fluences, will  gradually  become  freed  from  associated  impurities  with 
which  it  was  not  combined.  Although  the  purity  of  alluvial  gold 
is  generally  superior  to  that  obtained  from  quartz  veins,  this  is  not 
always  the  case,  and  it  must  be  admitted  that  in  the  ordinary 
processes  for  treating  gold  quartz,  certain  impurities  with  which 
the  metal  comes  in  contact  may  become  alloyed  with  it  and 
thereby  reduce  its  purity. 

A  large  proportion  of  the  nuggets  found  occur  in  the  form 
of  pebbles,  consisting  of  a  mixture  of  quartz  and  gold,  presenting  a 
continuous  even  surface.  If,  liowever,  in  such  pebbles,  the  weight 
of  gold  had  been  augmented  by  the  deposition  of  successive 
concentric  layers  of  that  metal,  a  distinct  irregularity  of  the  surface 
might  be  anticipated,  since  a  growth  of  quartz  exactly  equal  to 
that  of  the  gold  could  scarcely  be  expected  to  take  place. 

If  the  gold  of  placers  had  been  deposited  in  situ  from  solu- 
tions, a  considerable  portion  of  it  would  have  been  crystallised 
and  have  formed  strings  and  sheets  in  the  porous  material 
with  which  it  is  associated ;  crystals  with  entirely  unworn  edges 
are,  however,  never  found  among  placer  gold,  and  strings  and  sheets 
of  that  metal  are  equally  absent. 

With  regard  to  uniformity  of  composition  in  different  parts  of 
the  same  nugget,  Mr.  Foord  states  that  he  has  repeatedly  taken 
samples  of  different  parts  of  large  nuggets  with  a  view  of  ascertain- 
ing the  uniformity  of  their  composition  or  otherwise.  Although 
working  with  very  great  care,  he  had  never  been  able  to   find  a 
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difference  in  fineness  greater  than  that  attributable  to  woi'king 
error,  say  one  or  two  parts  in  10,000.  Had,  however,  the  results  of 
such  experiments  differed  completely  from  those  obtained,  it  would 
not  have  materially  affected  the  question  at  issue ;  since  the 
deposition  of  gold  in  veins  probably  took  place  by  the  addition 
of  successive  layers ;  and  it  will  be  readily  understood  that  the 
purity  of  each  may  not  in  all  cases  have  been  exactly  the  same. 

It  not  unfrequently  happens  that  the  quartzose  veinstone 
forming  part  of  a  nugget  exhibits  peculiar  cliaracteristics,  strikingly 
resembling  those  of  some  Avell-known  quartz  reef  in  the  approxi- 
mate vicinity  of  the  locality  in  which  it  was  found,  and  from  which 
it  would  appear  to  have  been  originally  derived. 

On  the  whole,  the  balance  of  probability  is  perhaps,  at  present, 
in  favour  of  the  theory  which  ascribes  the  origin  of  gold  nuggets 
to  the  action  of  mechanical  forces  upon  the  outcrops  of  veins  of 
auriferous  quartz.  With  regard  to  deep  leads  generally,  it  is 
manifest  that  in  the  majority  of  cases  they  owe  their  preservation 
to  the  protective  influence  of  a  capping  of  volcanic  rock. 

Wherever  within  the  gold-regions  of  Victoria  the  Paleozoic 
bed-rock  has  been  exposed,  either  by  natural  denudation  by  the 
removal  of  Tertiary  drifts,  or  by  mining  beneath  the  basalt,  it  is 
found  to  enclose  auriferous  reefs.  These,  which  vary  in  width  from 
the  thickness  of  a  sheet  of  paper  to  150  feet,  traverse  mudstones 
and  sandstones  containing  various  Palaeozoic  fossils. 

The  quartz  constituting  some  of  these  veins  is  milk-white  in 
colour,  nearly  amorphous  in  structure,  and  breaks  with  a  somewhat 
splintery  fracture.  In  other  cases  the  veinstone  is  more  or  less 
stained  by  ferric  hydrate,  resulting  from  the  decomposition  of  iron 
pyrites.  On  the  other  hand,  many  veins  consist  of  comby  or 
banded  quartz,  enclosing  parallel  splintery  fragments  of  the  slaty 
country  rock,  and  containing  crystals  of  pyrites,  blende,  and  other 
metallic  sulphides.  The  quartz  of  the  more  productive  veins 
is  either  granular  or  crystalline,  and  a  thin  film  of  gold  some- 
times occurs  between  the  faces  of  adjacent  crystals.  Gold 
occurs  not  only  in  the  veinstone  of  such  veins,  but  also  in  their 
casings  or  selvages,  where  it  assumes  the  form  either  of  irregular 
fragments  or  of  more  or  less  perfect  crystals. 

On  sinking  upon  an  auriferous  reef  a  point  is  reached  at  a 
certain  depth  from  the  surface  where  water  begins  to  be  trouble- 
some, and  at  which  it  constantly  maintains  its  level ;  among  miners 
this  is  known  as  the  "  water  line."  Above  this  horizon  the  quartz 
which    is    usually  granular,   is    often    stained    by  ferric    hydrates 
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resulting  from  the  oxidation  of  iron  pyrites ;  it  will  also  usually 
contain  cavities  having  a  cubical  form  produced  by  the  decomposi- 
tion and  removal  of  crystals  of  pyrites. 

These  hollows  often  contain  free  gold,  liberated  by  the  oxidation 
of  the  metallic  sulphides,  which  is  frequently  associated  with 
ochreous  iron  oxide  resulting  from  the  same  cause.  Cavities  of 
this  class  have,  however,  sometimes  become  partially  obliterated  by 
a  subsequent  growth  of  quartz  in  the  form  of  small  crystals.  Below 
the  water  line  the  metallic  sulphides  are  undecomposed,  and  often 
enclose  a  large  proportion  of  the  gold  present  in  the  vein.  If 
a  fragment  of  this  rock  containing  gold  thus  enclosed  in  un- 
decomposed pyrites,  be  attacked  by  nitric  acid,  the  metallic  sulphide 
is  dissolved  and  the  gold  becomes  liberated.  Above  the  water  line 
of  the  district  a  nearly  analogous  change  has  taken  place,  through 
the  oxidation  of  the  sulphides  and  the  removal  in  solution  of  the 
resulting  metallic  sulphates. 

There  are,  however,  certain  reefs  wiiich,  although  almost 
entirely  composed  of  metallic  sulphides  and  cro^Dping  out  at  the 
surface,  appear  to  have  undergone  but  a  small  amount  of  decom- 
position. The  stability  of  iron  pyrites  and  of  its  various  associated 
sulphides  under  circumstances  in  which,  if  occurring  in  ordinary 
quartz  veins,  they  would  have  been  almost  entirely  decomposed,  is 
somewhat  difficult  to  explain  ;  it  must,  however,  be  remembered 
that  in  such  cases  the  proportion  of  sulphides  is  so  large  that  an 
amount  of  decomposition  equal  to  that  which  takes  place  in  an 
ordinary  quartz  vein  would  scarcely  be  observable. 

The  quartz  reefs  of  Victoria  sometimes  run  parallel  to  the 
planes  of  bedding  of  the  country  rock,  and  then  belong  to  the 
class  of  bedded  or  intercalated  veins,  while  at  others  their  course 
is  directed  across  them,  thus  forming  true  lodes.  In  some  instances 
the  same  vein  may,  during  certain  portions  of  its  course,  follow  the 
direction  and  dij)  of  the  enclosing  stratn,  while  at  others  it  may 
cross  the  bedding  nearly  at  right  angles. 

An  examj)le  of  a  vein  of  this  kind,  of  which  Fig.  110  repre- 
sents a  horizontal  section,  occurred  at  Whroo.  This  vein  followed 
the  i^lanes  of  bedding  for  short  distances,  and  afterwards  repeatedly 
struck  across  them  at  a  considerable  angle.  Both  in  this  vein 
and  in  a  somcAvhat  similar  one  in  the  Caledonia  Diggings,  the 
jDortions  marked  a  which  cross  the  strata  were  not  only  wider,  but 
also  more  productive  than  those  marked  h  parallel  to  the  bedding. 

In  connection  with  auriferous  leads  the  presence  of  gold  in  slate 
is  b}"  no  means  an  uncommon  occurrence.     A  remarkable  deposit 
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of  auriferous  slate  was  met  uith  some  years  since  at  Clunes,  where, 
for  a  short  distance,  the  vein  fissure  had  not  become  filled  with 
quartz.  The  space  between  the  two  walls  was,  however,  occupied 
by  rich  auriferous  slate,  the  surfaces  of  which  were  covered  by  a 
thin  film  of  gold.  In  many  cases,  true  veins  crossing  the  planes 
of  the  enclosing  country  rock  throw  off  branches,  parallel  to  the 
stratification,  which  are  sometimes  rich  in  gold. 

Remarkable  formations  of  gold-bearing  quartz,  occurring  in  the 
form  of  nearly  horizontal  deposits,  are  worked  in  some  localities 
in  Victoria.  At  the  Morning  Star,  Wood's  Point,  a  dyke  of 
"  decomposed  granite  "  underlies  to  the  west,  and  is  traversed  by 
a  series  of  more  or  less  horizontal  quartz  veins  situated  one  below 
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Fk:.  110.— Quartz  Vein,  Wliroo. 


the  other,  and  having  no  connection.  Portions  of  the  dyke  are 
frequently  found  enclosed  within  these  veins  in  the  form  of  horses. 
Another  remarkable  example  of  the  occurrence  of  quartz  in 
horizontal  flats  is  seen  at  the  Waverley  Mine  in  the  same  neigh- 
bourhood, of  which  Fig.  Ill  represents  a  transverse  section.  The 
quartz  is  here  enclosed  in  a  nearly  vertical  dyke  of  partially  decom- 
posed  "  greenstone,"  Avhich  runs  with  the  strike  of  the  slate  for  a 
distance  of  a  mile  and  a  half.  It  has  tAvo  well-defined  and  nearly 
parallel  slate  w^alls,  about  three  feet  six  inches  apart ;  and  the  rock 
constituting  the  dyke,  besides  being  much  decomposed,  is  traversed 
horizontally  by  bands  of  quartz  varying  in  thickness  from  one  inch 
to  two  feet.  Some  of  these  bands  hate  yielded  quartz  equal  in 
richness  to  any  ever  found  in  the  district,  and  the  general  average 
of  the  whole  has  been  a  good  one.  A  feature  peculiar  to  all  reefs 
of  this  description,  so-called  mulloclcy  reefs,  is  that,  at  depths 
varying  from  70  to  200  feet,  an  undecomposed  crystalline  rock  is 
met  with,  which  is  so  hard  as  to  prevent  all  further  sinking.  Gold 
is  found  in  small  Cjuartz  veins  which  run  through  this  undecom- 
posed rock   in  the  same  way  as   they  occur   in   the  decomposed 


636 


ORE    DEPOSITS 


PAHT  II 


portions  at  shallower  depths.  The  mullock,  or  decomposed  green- 
stone, of  the  Waverley  dyke  is  said  to  yield  small  rubies,  and  is 
itself  to  some  extent  auriferous.  The  gold  from  this  locality  is 
described  as  being  more  than  usually  pure. 

Instead  of  occurring  in  dykes  of  eruptive  rock,  somewhat 
similar  bands  of  auriferous  Cjuartz  have  been  known  to  traverse, 
in  almost  the  same  manner,  certain  bands  of  slate  tilted  at  a 
high  angle.  An  example  of  this  class  of  formation  occurs  in  the 
Bencligo  gold-field,  where  a  seam  of  graphitic  clay,   standing  at 


Fig.  111. — Dyke,  Waverley ;  transverse  section. 


a  high  angle,  follows  the  direction  of  the  usual  bedding  of  the 
slate,  while,  at  a  distance  varying  from  thirty  to  forty  feet  west 
of  it,  there  is  a  band  of  hard  sandstone  closely  resembling  quartz- 
ite.  The  space  between'  this  band  of  clay  and  the  sandstone 
is  occupied  by  a  dark  slate,  similarly  bedded,  across  which  he 
numerous  nearly  horizontal  beds  or  floors  of  quartz.  These 
frequently  penetrate  for  a  short  distance  into  the  sandstone,  but 
none  of  them  pass  into  the  clay  forming  the  eastern  wall.  Together 
these  seams  form  a  band  nearly  200  feet  in  depth,  which  in  some 
places  crops  out  on  the  surface,  and  dips  gradually  towards  the 
north.     Some  of  the  quartz  veins   forming  the   upper  members  of 
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this  band  were  exceedingly  rich,  those  near  the  surface  affording 
above  20  oz.  of  gold  per  ton ;  the  yield,  however,  gradually  decreased 
in  depth,  while,  at  the  lowest  point  reached,  the  slate  had  become 
changed  into  a  hard  compact  rock,  and  the  quartz  was  compara- 
tively unproductive.  At  Ballarat  it  has  been  observed  that 
whenever  quartz  veins  cross  certain  narrow  beds  of  pyritiferous 
slates,  known  in  the  district  as  "  indicators,"  the  veins  are 
exceptionally  rich  at  the  points  of  intersection,  even  though  the 
remainder  of  the  lode  be  not  payable.  These  indicators  are  not 
themselves  auriferous,  but  are  a  cause  of  the  enrichment  of  the 
quartz  veins,  very  much  like  the  fahlbands  of  Kongsberg  in 
Norway  (see  page  112)  enrich  the  silver-bearing  veins  where  they 
intersect  them. 

The  "  Indicator  belt  "  i  is  well  developed  at  East  Ballarat ;  one 
bed  is  especially  known  as  the  "  Indicator,"  but  other  parallel 
bands,  such  as  the  "western  slates,"  "jjencil  slates,"  &c.,  have  the 
same  effect  upon  the  quartz  reefs  that  intersect  them.  The 
indicator  proper  is  a  thin  bed  of  iron  pyrites,  parallel  to  the 
Silurian  strata  of  which  it  forms  part,  and  which  are  here  approxi- 
mately vertical,  whilst  some  of  the  other  indicators  are  merely 
narrow  beds  of  slate  ;  the  general  feature,  however,  prevails  that  the 
quartz  reefs  within  this  belt  are  sometimes  nearly  horizontal  (and 
therefore  cross  the  stratification  at  right  angles)  and  sometimes 
inclined,  varying  as  to  their  degrees  of  persistence  in  extent  and 
thickness,  but  uniformly  rich  where  they  cross  the  indicators  and 
in  the  immediate  vicinity  of  their  intersections.  These  indicators 
are  sometimes  displaced  by  lateral  faults  to  as  much  as  several 
hundreds  of  feet  without  affecting  their  characteristics.  So  far, 
the  Indicator  belt  is  not  known  north  of  Black  Hill,  but  its 
probable  extension  northwards  is  being  now  traced  out. 

Mr.  Thompson  describes  reefs  of  auriferous  quartz  which  he 
calls  "  pipe  veins,"  the  Achilles  Keef  at  Taradale  being  cited  as  a 
vein  belonging  to  this  class.  This  reef,  which  at  its  outcrop  is 
from  20  to  25  feet  wide,  is  45  feet  in  length,  and  has  been  traced 
for  a  considerable  distance  from  the  surface  without  having  under- 
gone any  material  variation  in  size.  This  "  pipe,"  which  is  described 
as  being  in  connection  with  a  thin,  nearly  vertical  band  of  quartz 
sometimes  carrying  gold,  underlies  rapidly  towards  the  south,  and, 
although  the  rock  beneath  it  was  sunk  through  for  a  considerable 
distance,  no  other  formation  of 'a  similar  character  was  met  with. 
At  the  surface  this  vein  was  exceedingly  rich  throughout  its  whole 

^  Annual  Revor'  of  the  Sen-etary  for  Mines  for  ISQ-l,  p.  22 — Xotei^,  by  Mr. 
R.  A.  F.  Muirav. 
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width,  but  as  the  mine  became  deeper  the  gold  gradually  fell  off 
in  quantit}^  until  at  length  only  a  few  feet  on  each  side  were 
worked,  the  quartz  in  the  middle  being  too  poor  to  pay  the  cost 
of  extraction.  The  richest  quartz  was  obtained  from  the  foot  wall 
of  the  deposit.  To  the  east  of  the  vein  is  a  hard  crystalline  slate, 
while  to  the  west  of  it  the  rock  is  much  softer,  and  there  is  no 
indication  of  the  presence  of  any  other  "  pipe  "  of  quartz  either  to 
the  north  or  south  of  its  outcrop.  The  string  of  quartz  which 
occurs  in  connection  with  this  "  pipe  "  is  described  as  being  little 
more  than  a  joint,  with  branches  of  quartz  falling  into  it  at 
intervals,  and  following  the  direction  and  dip  of  the  strata. 

The  veins  of  the  Victorian  gold-fields  are  represented  as 
frequently  exhibiting  a  tendency  to  dip  in  the  direction  of  their 
bearing,  and  instances  of  this  peculiarity  are  stated  to  occur  in 
every  gold-field  of  the  colony.  One  of  the  most  marked  cases  of 
this  mode  of  occurrence  is  that  of  the  Mariner's  Reef  at  Mary- 
borough, which  crops  out  at  the  surface  in  a  low  range,  and, 
within  1,000  feet  of  horizontal  distance,  dips  some  650  feet 
vertically.  It  is  not  improbable  that  further  explorations  may  lead 
to  the  conclusion  that  some  of  these  so-called  "jDipe  veins"  are 
merely  sudden  local  enlargements  of  ordinary  quartz  veins,  which, 
like  courses  of  ore  in  all  mining  districts,  have  a  tendency  to  dip 
in  the  direction  of  the  course  of  the  vein.  Others  may  be  found  to 
be  portions  of  quartz  reefs  displaced  by  two  nearly  parallel  faults ; 
and  of  which  the  dip  has  been  mistaken  for  the  strike.  Some  of  the 
reefs  at  Pleasant  Creek,  in  the  Ararat  district,  present  very  un- 
usual features.  Many  of  these  have  been  remarkable,  not  only  for 
their  good  average  yield  of  gold,  but  also  for  their  horizontal  bed- 
like mode  of  occurrence,  their  extraordinary  faults,  their  peculiar 
contortions,  and  their  detached  and  broken  masses.  Fig.  112 
represents  a  transverse  section  of  portions  of  the  Cross  Reef  and 
Flat  Reef,  which  are  worked  in  that  locality.  The  veinstone  of 
the  Cross  Reef  is  said  to  be  generally  laminated,  with  a  casing  upon 
the  hanging  wall  varying  from  6  to  8  inches  in  thickness.  Those 
portions  of  the  vein  in  which  the  quartz  does  not  occur  in  the  form 
of  successive  laminse  usually  contain  but  little  gold.  Mispickel  and 
iron  jDyrites  are  abundant  in  some  parts  of  the  reef,  and  frequently 
occur  in  the  form  of  crystalline  masses  accompanied  by  gold. 
This  was  especially  the  case  at  the  junction  of  the  two  reefs, 
where  the  richest  specimens  of  auriferous  quartz  were  obtained, 
at  a  depth  somewhat  above  the  original  water  level  of  the  district. 
The  Flat  Reef  is  composed  of  compact  white  quartz,  without 
any   sort    of  casing,  through    which    the    gold,    which    is  usually 
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coarse,  is  very  unequally  distributed.  It  would  appear,  however, 
to  be  cliiefly  confined  to  certain  imperfectly  defined  bands  passing 
through  the  reef  in  a  northerly  direction.  In  some  of  these 
auriferous  zones  the  quartz  averaged  7  oz.  of  gold  per  ton,  but 
outside  of  them  the  yield  was  usually  not  more  than  8  or  4  dwts. 
per  ton.  Both  the  Cross  and  Flat  Reefs  varied  considerably  in 
thickness ;  the  former  from  3  inches  to  24  feet,  and  the  latter 
from  2  to  8  feet. 

A  section  of  the   Flat  Reef,  given  by  lEr.  R.  Brough  Smyth, 
shows  it  to  extend  for  a  considerable  distance,  and  to  connect  the 
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Fig.  112. — Cross  and  Flat  Reefs,  Pleasant  Creek. 


Cross  Reef  with  the  Mariner's  Reef;  no  scale  is,  however,  given, 
and  as  the  description  is  somewhat  general  in  its  character  it  be- 
comes difficult  to  clearly  understand  the  exact  mode  of  occurrence 
of  these  reefs.  Such  deposits  may  probably,  in  some  respects, 
resemble  the  metalliferous  flats  which  in  many  mining  districts  are 
associated  with  mineral  veins,  or,  as  has  been  suggested,  their 
position  may  sometimes  be  due  to  a  folding  of  the  strata  subse- 
quently to  their  formation. 

The  early  miners,  both  in  Australia  and  in  California,  were 
generally  impressed  with  the  idea  that  the  outcrops  of  the  quartz 
reefs  were  more  productive  than  their  deeper  portions,  and  this 
opinion  Avas,  to  some  extent,  strengthened  by  a  theoiy  to  the 
same  effect  promulgated  by  Sir  R.  Murchison.  Consequently, 
as  soon  as  the  quartz  extracted  ceased  to  afford  remunerative 
returns,  the  miners  not  unfrequently  suspended  their  opera- 
tions without  extending  them  to  any  considerable  depth.  The 
experience  of  the  gold-fields  of  Australia,  like  those  of  Cali- 
fornia  and   other  gold-producing  countries,  however,   shows  that 
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there  is  apparently  no  fear  that  the  reefs  will  cease  to  be 
productive  at  any  depth  to  which  the  miners  are  likely  to  follow 
them. 

It  is,  however,  by  no  means  remarkable  that  the  opinion  should 
have  got  abroad  that  quartz  veins  usually  become  impoverished  in 
depth.  Metalliferous  veins  are  exceedingly  variable  in  their  yield  at 
different  depths,  and  it  will,  therefore,  be  readily  understood  that 
those  were  first  operated  on  which,  at  the  surface,  showed  evidence 
of  being  more  or  less  auriferous.  Such  veins,  after  having  been 
followed  to  a  certain  depth,  may,  therefore,  be  naturally  expected 
to  begin  to  exhibit  signs  of  poverty,  and,  although  sinking  deeper 
might  lead  to  fresh  discoveries,  the  miners  in  a  country  in 
which  capital  is  scarce  and  wages  high,  will  finally  transfer  their 
operations  to  other  outcrops  showing  a  remunerative  amount  of 
free  gold.  Other  reasons  for  the  superficial  enrichment  of  metal- 
liferous veins  have  already  been  given  (see  p.  98). 

Another  cause  of  the  misconception  with  regard  to  the 
poverty  of  auriferous  veins  in  depth,  arises  from  the  fact  that,  in 
many  cases,  the  gold  is  chiefly  confined  to  shoots  of  auriferous 
quartz.  These,  like  courses  of  lead  or  copper  ores,  dip  in  the 
direction  of  the  strike  of  the  vein,  while  in  other  portions  of  the 
lode  the  veinstone  is  comparatively  destitute  of  gold.  Where, 
therefore,  one  of  these  inclined  longitudinal  courses  of  auriferous 
quartz  had  been  worked  through  and  the  shaft  sunk  to  a  greater 
depth,  the  yield  naturally  fell  off,  and  the  mine  was  often 
abandoned.  Sometimes,  however,  in  consequence  of  the  success 
of  adjoining  mines,  or  from  some  other  cause,  the  workings  were 
subsequently  continued  in  depth,  and  another  shoot  of  rich  quartz 
was  found.  In  this  way  a  knowledge  of  the  mode  of  occurrence  of 
such  deposits  has  been  gradually  acquired,  and  at  the  present  time 
this  tendency  of  auriferous  quartz  to  form  diagonal  shoots  has. 
become  fully  recognised  both  in  Australia  and  California,  where 
some  of  the  deepest  mines  produce,  from  their  lowest  levels, 
quartz  as  rich  in  gold  as  any  obtained  nearer  the  surface.  The 
principal  quartz  veins  of  Victoria  occur  in  rocks  of  Lower  Silurian 
ao-e,  but  are  not  exclusively  confined  to  that  formation.  They  were 
(generally  formed  previous  to  the  deposit  of  the  Mesozoic  strata, 
w^hich  rest  unconformably  upon  the  upturned  edges  of  Paleeozoic 
rocks,  which  are  everywhere  penetrated  by  veins  which  do  not 
extend  upwards  into  Mesozoic  strata.  There  can  also  be  little 
doubt  that,  in  at  least  the  majority  of  cases,  the  gold  was  deposited 
contemporaneously  with  the  quartz,  of  which  the  veins  chiefly 
consist.     The  granites  of  the  colonv  sometimes  contain  gold  in  the 
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vicinity  of  their  junction  with  the  older  sedimentary  rocks.  The 
direction  and  dip  of  the  quartz  reefs  of  Victoria  are  so  extremely 
variable  as  to  admit  of  no  general  description. 

Some  specimens  of  quartz  taken  from  a  vein  near  Maryborough 
exhibited  features  of  considerable  interest,  as  they  appear  to 
indicate  that  at  least  some  of  the  quartz  veins  of  this  colony  were 
formed  slowly  and  at  low  temperatures.  Thin  fragments  of  the 
enclosing  slaty  rock  were  found  adhering  to,  and  enclosed  in,  the 
quartz  of  this  vein,  which  everywhere  presented  an  exact  cast  of  all 
the  irregularities  of  the  adjacent  schist.  This  schist  contained 
numerous  cubical  crystals  of  iron  pyrites,  and  wherever  a  portion 
of  one  of  these  crystals  was  partially  exposed,  either  on  the  surface 
of  the  enclosed  fragments  or  on  that  of  the  country  rock,  a  perfect 
cast  of  it  was  found  in  the  adjoining  quartz. 

In  a  paper  read  before  the  Geological  Society  of  London  in 
April,  1872,1  Mr.  Richard  Daintree  drew  attention  to  the  fact  that 
the  auriferous  Devonian  districts  of  Queensland  are  entirely  con- 
fined to  such  as  are  penetrated  by  certain  eruptive  rocks,  princi- 
pally pyritous  diorites.  In  these  diorites,  and  near  the  point  of 
their  intersection  with  the  Devonian  strata,  veins  of  quartz,  calc- 
spar  and  iron  pyrites  had  been  examined  and  found  rich  in  gold, 
while  the  extensions  of  such  veins  at  any  considerable  distance  from 
the  intrusive  rocks  were  found  to  be  barren.  Instances  were  also 
adduced  to  show  that  the  pyrites  sporadically  distributed  through 
the  diorites  was  occasionally  distinctly  auriferous,  and  had,  by  its 
decomposition  and  disintegration,  produced  drifts  containing  gold 
in  paying  quantities. 

In  a  subsequent  communication,^  Mr.  Daintree  states  that  since 
the  date  of  his  first  paper  he  had  learned  from  Mr.  C.  Wilkinson,  then 
Government  Geologist  of  New  South  Wales,  that  the  same  facts  hold 
good  for  the  New  South  Wales  gold-fields  lying  in  Upper  Silurian  or 
Devonian  areas  ;  and  Mr.  G,  H.  F.  Ulrich,  the  Curator  of  the  Techno- 
logical Museum  in  Melbourne,  in  his  catalogue  of  the  rocks  in  that 
institution,  gives  details  which  go  to  show  that  the  Upper  Silurian 
rocks  of  Victoria  owe  their  auriferous  character  to  the  same  cause. 

He  describes  the  diorites  of  Victoria  as  occurring  mostly  as 
dykes,  varying  in  thickness  from  a  few  feet  to  several  hundred, 
traversing    Upper    Silurian  strata    and    presenting  nearly  all  the 

^  "Notes  on  the  Geology  of  the  Colony  of  Queensland,"  Quart.  Jour.  GeoL 
Soc.  xxviii.  1872,  p.  271. 

^  "Note  on  Certain  Modes  of  Occurrence  of  Gold  in  Australia,"  Quart.  Jour. 
Geo'.  Soc.  xxxiv.  1878,  p.  431. 
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ordinary  varieties  of  structure  and  composition  of  that  rock.  They 
are  nearly  always  impregnated  with  auriferous  pyrites,  and  are  either 
traversed  by  or  associated  with  quartz  veins.  According  to  Mr. 
Ulrich,  by  far  the  greater  proportion  of  the  quartz  gold  furnished 
by  the  gold-fields  occupied  by  Upper  Silurian  rocks,  is  derived  from 
dykes  of  diorite.  In  support  of  these  statements  he  mentions 
several  important  workings  in  connection  with  dykes  of  this  kind, 
and  especially  notices  that  of  Cohen's  Reef,  which  is  perhaps  the 
richest  in  the  colony,  and  the  dyke  of  the  Albion  Mining  Company 
at  Crossover  Creek,  in  North  Gippsland,  which  is  interesting  on 
account  of  its  highly  micaceous  character  and  its  influence  on  the 
gold-bearing  character  of  the  associated  quartz  reefs.  These,  which 
traverse  it  nearly  at  right  angles  to  its  strike,  are  poor  in  the  Upper 
Silurian  rocks  on  each  side,  but  become  richly  auriferous  through- 
out the  width  of  the  dyke  itself,  of  which  the  thickness  is  about 
ninety  feet. 

The  question  as  to  when  the  auriferous  pyrites  was  deposited  in 
these  diorites  is  of  much  interest,  and  one  that  it  will  be  somewhat 
difficult  to  solve.  It  is,  however,  probable  that  in  the  majority  of 
cases  the  pyrites  was  contemporaneous  with  the  consolidation  of  the 
rock  in  which  it  occurs,  although  it  is  also  possible  that  it  may  have 
occasionally  owed  its  origin  to  the  subsequent  passage  through  the 
rock  of  metalliferous  solutions.  A  large  number  of  sections 
of  pyritous  diorites,  felsites,  and  granites,  were  examined  under 
the  microscope  by  Mr.  Daintree,  who,  in  a  few  instances  only,  found 
portions  of  the  enclosing  rock  embedded  in  crystals  of  pyrites. 

Below  the  water  level,  which  usually  very  nearly  coincides  with 
the  zone  of  decomposition,  veins  of  a  class  which  on  the  whole  has 
proved  very  misleading  to  the  miner,  although  often  rich  in  gold, 
usually  disappear.  These  follow  the  lines  of  jointing  of  the  rock, 
and  are  probably  due  to  the  decomposition  of  auriferous  pyrites  in 
the  eruptive  rock  and  the  re-deposition,  from  solution,  of  a  portion 
of  its  material  in  local  fissures.  It  is  probable  that  to  this  mode  of 
formation  are  to  be  attributed  the  horizontal  veins  described  as 
occurring  at  Waverley  and  elsewhere.  Besides  the  veins  above 
referred  to,  there  are,  associated  wnth  the  intrusive  auriferous 
rocks,  others  which  Mr.  Daintree  considers  as  being  of  far  greater 
practical  importance  from  being  generally  of  greater  width  and 
more  likely  to  be  persistent  in  depth.  These  he  regards  as 
the  result  of  hydrothermal  agencies  which  preceded  and  accom- 
panied the  protrusion,  and  which  in  some  cases  continued  long 
.after  the  intrusive  rock  had  cooled  down. 
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The  production  of  gold  in  Victoria  from  its  discovery  in  1850 
to  1895  has  been  as  follows  : — 

Table  sho\vi>;g  Weight  axd  Value  of  Gold  produced  ix  Victoria 
from  1851  to  1895  inclusive.^ 


Tear. 

Alluvial. 

Quartz.' 

Together. 

1 

1 
Value  at 
80s.  per  oz. 

1  Thi'ee 

oz. 

oz. 

oz. 

£ 

1851  \  Months 

212,899 

851.596 

1852 

2.286,535 

9,146.140 

1853 

- 

2,744,098 

10,976,392 

1854 

2,218,483 

8,873,932 

1855 

2,819,288 

11,277,152 

1856 

3,053,744 

12,214,976 

1857 

2.830,213 

11,320,852 

1858 

2,596,231 

10,384,924 

1859 

2,348,703 

9,394,812 

1860 

2,224,069 

8,896,276 

1861 

2,035,173 

8,140,692 

1862 

1,730,201 

6,920,804 

1863 

1,694,819 

6,779,276 

1864 

1.622.447 

6,489,788 

1865 

1,611,554 

6,446,216 

1866 

1,546,948 

6,187.792 

1867 

1,501,446 

6,005,784 

1868 

1,087,502 

597,416 

1,684,918 

6,739,672 

1869 

934,082 

610,674 

1,544,756 

6,179,024 

1870 

718,729 

585,575 

1,304,304 

5,217,216 

1871 

698,190 

670.752 

1,368,942 

5,475,768 

1872 

639,551 

691,826 

1,331,377 

5,325.508 

1873 

504,250 

666,147 

1,170,397 

4,681,588 

1874 

433,283 

664.360 

1,097,643 

4,390,572 

1875 

426,611 

641,806 

1,068,417 

4,273,668 

1876 

357,901 

605,859 

963,760 

3,855,040 

1877 

289,754 

519,899 

809,653 

3,238,612  - 

1878 

264,453 

493,587 

758,040 

3,032,160 

1879 

293,310 

465,637 

758,947 

3,035,788 

1880 

299,926 

529,195 

829,121 

3,316,484 

1881 

313,828 

519,550 

858,850 

3,435,400 

1882 

352,078 

512,532 

864,610 

3,458,440 

1883 

304,666 

475,587 

780,253 

3,121,012 

1884 

326,305 

452,313 

778,618 

3,114,472 

1885 

281,818 

453,400 

735,218 

2,940,872 

1886 

248,356 

416,840 

665,196 

2,660,784 

1887 

228,894 

388,857 

617,751 

2,471,004 

1888 

238,634 

386,392 

625,026 

2,500,104 

1889 

229.854 

1    384,984 

614,838 

2,459,352 

1890 

206,159 

1    382,401 

588,560 

2,354,240 

1891 

188,547 

387,852 

576,399 

2,305,576 

1892 

201,959 

452,497 

654,456 

2,617,824 

1893 

218,673 

452.4.-33 

671,126 

2,684,504 

1894 

254,309 

419,371 

673,680 

2.694,720 

1895 

279,903 

413,934 

1 

740,086 

2,960,344 

Totals 

— 

— 

61,186,321 

244,745,284 

^  The  figures  given  previous  to  1868  are  the  amounts  and  values  of  the  gold 
exported  only,  and  are  consequently  under  the  triith.     Those  for   1868,  and  for 
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According  to  the  mineral  statistics  of  Victoria  for  the  year 
1S80,  the  approximate  area  of  auriferous  ground  over  which 
mining  operations  had  extended  up  to  the  end  of  that  year 
was  1,2355^  sqv^are  miles,  and  the  number  of  distinct  reefs  proved 
to  be  auriferous  3,630.  The  deepest  shaft  in  the  colony,  at 
Stawell,  was  2,410  feet  deep;  at  Sandhurst  there  was  a  shaft 
1,476  feet  deep,  at  Maldon  one  of  1,220  feet  from  the  surface,  and 
at  Clunes  two  shafts  were  respectively  1,193  and  1,105  feet  deep. 
The  average  fineness  of  the  gold  of  Victoria  is  nearly  942. 

During  the  year  1880,  31,456  tons  of  quartz  obtained  from  the 
Ballarat  mining  district,  at  depths  varying  from  200  to  1,105  feet 
from  the  surface,  yielded  from  6  dwt.  1  gr.  to  14  dwt.  11  gr.  of 
gold  per  ton ;  2,770  tons  of  quartz,  taken  from  depths  varying  from 
200  to  600  feet,  from  the  Beechworth  district,  yielded  from  8  dwt. 
to  4  oz.  16  dwt.  7  gr.  of  gold  per  ton;  17,216  tons  of  quartz 
obtained  at  Sandhurst,  at  depths  varying  from  400  to  1,267  feet, 
yielded  from  13  dwt.  11  gr.  to  2  oz.  9  dwt.  22  gr.  of  gold  per 
ton  ;  15,112  tons  of  quartz  from  the  Maryborough  district,  obtained 
at  depths  varying  from  305  to  680  feet,  yielded  from  12  dwt. 
6  gr.  to  6  oz.  13  dwt.  3  gr,  of  gold  per  ton.  In  the  Castlemaine 
mining  district,  6,202  tons  of  quartz  obtained  at  depths  varying 
from  200  to  500  feet,  yielded  from  18  dwt.  to  3  oz.  17  dwt.  3  gr. 
of  gold  per  ton ;  6,281  tons  of  quartz  obtained  at  Stawell,  at  depths 
varying  from  612  to  1,200  feet,  yielded  from  1  oz.  6  dwt.  to  4  oz. 
12  dwt.  16  gr.  of  gold  per  ton.  At  Stringer's  Creek,  in  the 
Gippsland  mining  district,  19,621  tons  of  quartz,  obtained  at  depths 
varying  from  343  to  723  feet  below  adit,  yielded  from  1  oz.  4  dwt. 
22  gr.  to  1  oz.  6  dwt.  22  gr.  of  gold  per  ton. 

These  figures  may  be  contrasted  with  those  returned  for  1894 
and  1895.  The  deepest  shafts  at  that  time  were  all  situated  in 
the  Bendigo  (or  Sandhurst)  district,  the  deepest  being  Lansell's 
180  Mine,  3,352  feet  in  the  beginning  of  1896,  New  Clunes  Con- 
solidated Company  2,905  feet,  New  Clunes  and  Victoria  Company 
2,990  feet,  and  Lazarus  Company  3,024  feet.  At  Ballarat  the 
South  Star  was  2,030  feet  deep,  and  the  Star  of  the  East  2,024  feet 
in  the  beginning  of  1896,  and  at  Clunes,  the  Port  Phillip,  which 
had  been  idle  for  some  time,  was  1,746  feet  deep. 

The  following  table  shows  the  part  played  by  the  various 
districts  in  the  gold  production  for  1894: — 

subsequent  years,  represent  the  actual  production  as  calculated  by  the  Mining 
Surveyors  and  Registrais.  They  are  taken  from  Tht  Mineral  Statistics  of  Victoria 
{"  Annual  Report  of  the  Secretarj-  for  ^Slines  "). 
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District. 

1 

AUuvial. 

Quartz. 

Total. 

Meu 
employed. 

Gold  got. 

Men 
employed. 

Gold  got. 

Meu 
employed. 

Gold  got. 

Oz. 

t)z. 

Oz. 

Ballarat     .... 

2,219 

76,269 

4,098 

118,551 

6.317 

194,820 

Beechworth .    .    . 

2,685 

71,084 

1,498 

24,911 

4,183 

95.995 

Sandhurst     .    .    . 

417 

8,065 

3,898 

151,646 

4,315 

159.711 

Maryborough  .    . 

3,015 

44,256 

1,313 

20,131 

4,328 

64,387 

Castleinaine .    .    . 

2,696 

32,090 

1,800 

32,797 

4,496 

64,887 

Ararat 

776 

10,728 

703 

16,863 

1,479 

27,591 

Oippsland     .    .    . 

1,211 

11,816 
254,308 

1,560 

54,473 

2,771 

66,289 

Totals    .    .    . 

13,019 

14,870 

419,372 

27,889 

673,680 

Complete  returns  as  to  the  yield  of  the  stone  are  not  obtain- 
able ;  the  following  are  the  quantities  of  quartz  crushed  that  were 
reported  by  the  districts  named  : — 

Ballarat 303,145  tons. 

Beechworth 27,924 

Sandhurst 894,712 

Castlemaine 64,346 

Ararat       30,414 

Oippsland 40,507 

Total     861,048  tons. 


Altogether  crushings  were  reported  of  898,506  tons,  which 
yielded  374,714  ounces,  being  at  the  rate  of  8  dwt.  8  gr.  per  ton  of 
stone.  This  is  the  lowest  yield  yet  recorded.  In  1885  the  yield 
was  at  the  rate  of  10  dwt.  1  gr.,  and  the  average  from  1885  to  1893 
was  9  dwt.  13  gr.  The  average  richness  of  all  the  quartz  treated 
since  the  commencement  of  mining  in  Victoria  was  returned  in 
1894  as  10  dwt.  5  sr.,  that  of  the  tailinsjs  and  "  mullock  "  as  2  dwt. 
"22  gr.,  and  that  of  the  concentrated  pyrites  2  oz.  4  dwt.  16  gr.;  it 
is  evident  that  these  two  latter  figures  represent  gold  that  was 
indirectly  obtained  from  the  quartz  reefs,  but  there  are  no  authentic 
data  that  show  by  how  much  the  yield  per  ton  of  the  quartz  should 
be  thereby  increased. 

The  average  richness  of  the  wash-dirt,  of  which  particulars 
have  been  recorded,  was  in  the  same  way  1  dwt.  12  gr.,  and  that  of 
"the  cement  4  dwt.  0  gr.  per  ton. 

The  diminution  in  the  richness  of  the  ore  treated  does  not 
necessarily  mean  that  the  deposits  become  poorer  in  depth  ;  it  may 
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more  probably  be  due  to  the  fact  that  improvements  in  the 
methods  of  mining  and  of  gold  extraction  have  so  cheapened 
these  operations  that  poorer  material  can  now  be  profitably  worked 
than  was  formerly  the  case.  In  1895  there  were  altogether  29,897 
men  engaged  in  gold  mining.  Crushings  were  reported  of  855,786 
tons  of  quartz  for  a  total  yield  of  368,035  ounces,  being  at  the  rate 
of  8  dwt.  14  gr.  to  the  ton.  Of  wash-dirt  there  were  1,398,084  tons 
treated,  producing  111,014  ounces  of  gold,  and  of  cement  16,008 
tons,  producing  1,380  ounces. 

Silver, — Argentiferous  galena  and  embolite  are  found  at  St. 
Arnaud,  associated  with  iron  pyrites,  mispickel,  chalcopyrite,  mala- 
chite, native  copper,  native  silver,  gold,  cerussite,  anglesite, 
mimetesite,  blende,  native  sulphur,  brown  iron  ore  and  oxide 
of  manganese.  Some  of  the  stibnite  of  Victoria  has  been  found 
to  contain  silver  in  the  proportion  of  80  oz.  per  ton.  Embolite 
is  found  at  St.  Arnaud  in  cavities  in  drusy  quartz  above  the  water 
level,  and  is  probably  a  secondary  product  resulting  from  the 
decomposition  of  argentiferous  galena.  Silver  ores  likewise  occur 
at  Ararat,  Pleasant  Creek,  Morse's  Creek,  Sandhurst,  Heathcote, 
Reedy  Creek,  and  elsewhere. 

During  the  year  1880  no  silver  ores  were  raised,  but  169  oz. 
15  dwt.  of  that  metal  were  parted  from  gold  in  the  St.  Arnaud 
district,  and  23,078  oz.  15  dwt.  were  parted  from  gold  melted  at 
the  Melbourne  mint.  The  total  yield  for  the  year  was,  therefore, 
23,248  oz.  10  dwt.  The  production  of  silver  except  as  parted  from 
gold  has  always  been  quite  insignificant.  The  amount  obtained  in 
this  way  in  1888  was  27,332  ounces,  and  since  then  it  has  remained 
about  stationary,  and  may  be  taken  as  between  25,000  and  30,000 
ounces  yearly. 

Lead. — Galena  occurs  in  many  of  the  reefs  at  Sandhurst ;  near 
Blue  Mountain,  with  malachite  and  yellow  copper  ore ;  in  Gipps- 
land  ;  in  Camf)beirs  Reef  at  Moyston  ;  at  St.  Arnaud  ;  and  in 
various  other  localities.  Although  it  is  of  common  occurrence, 
this  mineral  has  not  been  anywhere  obtained  in  large  quantities. 
Below  the  water  level  of  St.  Arnaud  it  is,  however,  sometimes 
met  with  in  the  form  of  strings  and  patches.  It  is  always 
argentiferous,  and  at  St.  Arnaud  contains  above  100  oz.  of  silver 
per  ton.  No  lead  ore  was  raised  in  Victoria  during  the  year  188U, 
and  the  amounts  have  always  continued  insignificant;  up  to  1893 
a  total  of  753  tons  had  been  produced ;  in  1890,  50  tons,  valued 
at  £50,  were  obtained,  and  none  at  all  in  1894, 

Copper. — Native  copper  is  found  in  some  of  the  St.  Arnaud 
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veins,  and  the  green  and  blue  carbonates  of  that  metal  occur,  above 
water  level,  in  many  of  the  reefs  throughout  the  colony.  Copper 
pyrites  is  found  in  diorite  on  the  Thompson  River,  about  five  miles 
south  of  the  junction  of  that  stream  with  Stringer's  Creek.  The 
vein  is  said  to  be  sometimes  as  much  as  35  feet  in  width.  Mining- 
operations  were  in  progress  in  this  place  as  early  as  1868,  and 
smelting  furnaces  had  been  erected  on  the  opposite  bank  of  the 
river.  According  to  official  returns,  3,030  tons  10  cwts.  of  copper 
ore  were  raised  in  the  colony  during  the  year  1880,  and  3,938  tons 
were  smelted  ;  262  tons  of  copper  and  17  tons  11  cwts.  of  regulus 
were  exported.  Up  to  the  end  of  1893,  a  total  of  16,953  tons  of 
copper  ore  had  been  produced ;  the  output  for  1894  was  484i  tons, 
valued  at  £14,762. 

Tin. — The  alluvial  tin  ore  obtained  during  the  year  1880 
amounted  to  103  tons  10  cwts.  Stream  tin  is  found  in  the 
Beechworth  district,  in  the  tributaries  of  the  Lerderderg,  at 
Gympie  near  Steiglitz,  in  the  tributaries  of  the  River  Yarra,  in 
the  basin  of  the  River  Thompson,  and  in  many  of  the  feeders  of 
the  Latrobe  River,  &c.  During  the  year  1882, 1,077  tons  of  tin  ore 
were  produced.  The  more  recent  finds  at  Wombat  Creek  Omeo, 
and  at  Mount  Wills,  in  which  latter  place  tin  is  also  found  in  veins 
and  disseminated  in  granite,  formino^  a  true  stockwork,  were  at 
one  time  looked  upon  as  very  hoiaeful.  Nevertheless,  the  tin 
production  of  Victoria  has  never  yet  assumed  important  dimen- 
sions. One  of  the  best  years  was  1891,  when  1,778  tons  of  ore, 
valued  at  £5,092,  were  obtained.  In  1894  only  60  tons  were 
raised,  and  at  the  end  of  that  year  the  total  tinstone  produced'  in 
the  colony  since  the  commencement  of  tin  mining  was  returned  as 
14,481  tons. 

Antimony. — Stibnite,  with  valentinite  and  other  oxidised  ores 
of  antimony,  occurs  in  various  places  in  the  colony.  At  Whroo 
very  remarkable  concretions  are  found  in  the  veins.  They  assume 
the  form  of  concentric  layers  of  differently  coloured  oxides 
surrounding  a  central  nucleus  of  sulphide  of  antimony.  All  through 
the  oxidised  portions  gold  is  disseminated  in  the  form  of  ragged 
grains  varying  in  size  from  a  mere  speck  to  pieces  as  large  as  a 
pea.  A  vein  containing  sulphide  of  antimony  was  discovered 
some  years  ago  at  Munster  Gully,  Dunolly ;  and  at  Donovan's  Creek, 
on  the  Upper  Yarra,  a  lode,  varying  from  one  foot  six  inches  to  two 
feet  in  width,  consists  almost  entirely  of  bright  and  nearly  pure 
stibnite.  At  Sunbury  there  is  a  vein  consisting  chiefly  of  quartz  and 
sulphide  of  antimony  ;  this  has  an  irregular  course  chiefly  along 
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the  strike  of  the  Silurian  strata,  but  in  some  places  crossing 
them  obliquely.  In  addition  to  antimony,  this  lode,  which 
varies  in  thickness  from  3  to  18  inches,  contains  about  2  oz. 
of  gold  per  ton.  Another  vein  of  auriferous  antimonial  ore  is 
said  to  occur  only  seventeen  miles  from  Melbourne.  The  antimony 
mines  of  Costerfield  were  discovered  many  years  ago,  and  have 
been  since  wrought  with  varying  success.  During  the  year  1880 
there  were  raised  333  tons  17  cwts.  of  antimony  ore,  of  which  272 
tons  17  cwts.  were  smelted  in  the  colony,  and  from  which  178  tons 
10  cwts.  of  regulus  were  obtained;  8.5  tons  of  antimony  ore  and 
323  tons  of  regulus  were  exported.  During  the  year  1882,  375 
tons  of  antimony  ore  were  raised.  In  1894  the  output  had  fallen 
to  35  tons,  valued  at  £175.  The  total  production  of  the  colony  up 
to  the  end  of  that  year  is  returned  as  22,807  tons. 

The  following  table  ^  shows  the  production  of  metallic  minerals 
other  than  gold  in  the  years  1894  and  1895,  and  the  total  amount 
produced  in  Victoria  up  to  the  end  of  1895  : — 

Production  of  Metallic  Minerals  other  than  Oold  in  Victoria,  for  the 
Years  1894  and  1895,  and  Totals  of  the  same. 


Mineral. 

For 

1S94. 

For  1895. 

Total  to  end  of  1895.    ! 
I 



Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 
£ 

Tons. 

Tons. 

£ 

Tons. 

Copper  ore    .    .    . 

484i 

14,762 

7 

210 

17,444| 

206,395 

Tin  ore  

60 

2,286 

74i 

3,133 

14,555^ 

687,739 

Antimony  ore  .    . 

35 

175 

— 

22,8061 

176,644 

Lead  ore    .... 

— 

— 

20 

100 

773i 

5,519 

Iron  ore     .... 

— 

— 

— 

— 

5,434i 

12,540 

New  South  Wales. 

In  addition  to  its  pastoral  and  agricultural  resources.  New 
South  Wales  is  rich  in  minerals,  yielding,  besides  coal  and  so-called 
oil  shales  of  exceptionally  good  quality,  gold,  silver,  copper,  tin,  and 
other  metals.  This  is  the  oldest  of  tiie  Australian  settlements, 
having  been  first  colonised  in  the  year  1788.  Among  its  principal 
mining  districts  are  Albert,  Bathurst,  Cobar,  Tambaroora  and 
Turon,  Mudgee,  Lachlan,  Southern  Tumut  and  Adelong,  Peel  and 
Uralla,  Hunter  and  Macleary,  and  New  England  and  Clarence. 

Gold. — Gold  occurs  in  New  South  Wales,  under  conditions 

'  Annual  B^^ort  of  the  Secretary  for  Mines,  1895. 
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almost  precisely  identical  with  those  characterising  the  auriferous 
deposits  of  the  adjoining  colony  of  Victoria.  It  is  found  in  recent 
alluvium,  in  leads  of  Tertiary  age,  and  in  quartz  veins ;  in  addition 
to  these  deposits,  the  lowest  beds  of  the  Coal-measures,  which, 
north  of  Gulgong,  cover  a  large  area  of  country,  are  sometimes 
remuneratively  auriferous.  The  existence  of  these  ancient  con- 
glomerates containing  gold,  appears  to  indicate  that  at  least  some 
of  the  auriferous  quartz  reefs  of  Australia  were  formed  prior  to  the 
Carboniferous  period.  The  Rev.  W.  B.  Clarke  speaks  of  a  lump 
of  arold  having:  been  found  in  a  mass  of  coal,  and  states  that  much 
of  the  gold  in  New  South  Wales  has  been  derived  from  iron  pyrites, 
diflfused  through  granite  and  various  beds  of  sedimentary  origin, 
consisting  of  siliceous  materials  cemented  by  oxide  of  iron  resulting 
from  the  decomposition  of  pyrites.  Daintree,  Hacket,  Wilkinson, 
and  others  have  shown  that  a  large  portion  of  the  gold  in  Victoria 
and  Queensland  is  due  to  the  agency  of  intrusive  dykes  of  felstone, 
elvan  and  diorite,  so  that  reefs  of  quartz  in  Silurian  rocks  are  not, 
as  was  at  one  time  supposed,  the  exclusive  source  of  Australian 
gold.^  At  Timbarra  gold  is  found  in  gi'anite ;  these  gold-fields 
consist  of  a  granitic  tableland,  traversed  by  dykes  of  eurite  and 
pegmatite,  also  occasionally  showing  veins  of  auriferous  quartz, 
Avhich  may  possibly  be  segregation  deposits.  The  weathered 
granite  is  sluiced,  and  very  fine  gold,  to  the  extent  at  times  of 
0  dwt.  to  the  ton,  is  obtained.  Gold  has  been  found  to  occur  here 
in  unaltered  granite,  and  in  eurite,  as  well  as  in  the  decomposed 
granite.- 

Many  of  the  deep  leads  are  here,  as  elsewhere,  covered 
by  flows  of  basalt,  and  sometimes  enclose,  not  only  vegetable 
remains,  but  also  fossil  insects.  At  Montreal,  on  the  south-eastern 
side  of  Dromedary  Mountain,  a  discovery  of  gold  has  been  made 
immediately  upon  the  sea  coast.  This  field  contains  rich  deposits 
of  water- worn  gold,  which  has  evidently  been  reduced  to  its  present 
condition  by  the  action  of  the  sea,  by  which  it  has  been  arranged 
in  two  distinct  terraces,  of  which  the  lowest  is  somewhat  above  the 
present  high-water  mark. 

The  Wyalong  gold-field  has  been  carefully  studied  by  Mr.  E.  F. 
Pittman,^  who  finds  that  the  geological  features  of  the  district  are 

^  Mine«  and  Mineral  Statistics  of  Xeic  South  Wafes,  Sydney,  1875,  p.  153. 

-  G.  W.  Card,  "  On  some  Rock  Specimens  from  the  Auriferous  Granite  at  Tim- 
barra," Records  Geol.  Survey  of  X.S.  W.  1895,  p.  154. 

^  "On  the  Geological  Structure  of  the  Wyalong  Gold-fields,"  i?eco«/s  6-'eo/. 
Surety  of  X.S.  W.  1894,  p.  107. 
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hard,  highly  metamorphic  and  steeply  inclined  slates,  sandstones 
and  quartzites,  probably  of  Silurian  age,  with  intrusive  hornblendie 
granite,  diorite,  and  felsite,  together  with  bosses  of  solid  micaceous 
granite.  All  the  granite  is  greatly  decomposed  at  the  surface,  and 
down  to  a  depth  of,  at  any  rate,  200  feet,  the  lowest  point  at  which 
it  has  been  penetrated  by  a  shaft.  The  reefs  appear  generally  as 
narrow  threads  at  the  surface,  which  widen  out  as  they  go  down  ; 
less  often  they  are  wide  at  the  surface,  then  pinch,  and  finally  widen 
out  again  at  still  greater  depths.  They  are,  in  fact,  lenticular 
reefs,  formed,  according  to  Mr.  Pittman,  by  the  fissuring  of  the 
granite  with  undulating  surfaces,  the  subsequent  movement  up  or 
down  of  one  w^avy  face  upon  the  other  having  produced  these 
lenticular  forms.  (Compare  page  70.)  The  quartz  has  been 
deposited  in  these  fissures  by  the  percolation  of  waters  carrying 
silica  in  solution.  It  may  be  noted  that  both  horses  of  country 
rock  and  faults  are  common  in  the  district.  The  general  course  of 
the  reefs  is  N.  20"  E.,  with  an  easterly  dip,  and  their  width  varies 
from  an  inch  or  two  to  several  feet.  One  reef  on  this  field 
runs  in  slate  between  two  diorite  dykes.  Mr.  Pittman  regards 
the  hornblendie  rocks  as  the  immediate  source  of  the  gold  at 
Wyalong,  but  assigns  no  reason  for  this  opinion,  although  he 
makes  the  very  important  statement  that  the  occurrence  of  such 
hornblendie  rocks  in  proximity  to  reefs  of  gold-quartz  is  charac- 
teristic of  the  New  South  Wales  gold-fields  (see  also  page  G41). 
It  does  not  appear  wdiether  gold  has  been  proved  by  assay  to 
exist  in   these  rocks    or  not. 

The  quartz  reefs  of  New  South  Wales,  like  those  of  Victoria, 
often  run  parallel  to  the  bedding  of  the  enclosing  rocks,  but  they 
nevertheless  sometimes  cross  it  at  considerable  angles.  Occasionally 
tin  oxide  is  found  in  the  same  veinstone.  Some  of  the  quartz 
reefs  of  New  South  Wales  have,  for  limited  distances,  been 
exceedingly  rich.  Masses  of  auriferous  material  which  were  nearly 
all  gold,  w^eighing  about  100  lbs.  each,  were  blasted  in  1872  at  a 
considerable  depth  from  a  vein  at  Hill  End.  One  claim  yielded 
30,000  oz.  of  gold  from  436  tons  of  quartz,  and  another  produced 
1,567  oz.  of  gold  from  22  tons.^  Such  yields  are,  however,  quite 
exceptional,  as  the  average  produce  of  the  quartz  treated  in  1880 
amounted  to  only  15  dwt.  17'54  gr.  of  gold  joer  ton.  At  the  close 
of  the  year  1880  the  depth  of  the  deepest  shaft  in  the  colony 
was  840  feet.  The  auriferous  area  is  approximately  estimated  at 
7,000  square  miles. 

T.  Richards,  Xew  South  Wales  in  1881,  p.  63. 
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The  following  table  ^  shows  the  annual  production  of  gold  in 
New  South  Wales  from  the  date  of  its  discovery  in  1851  to  the 
end  of  1895  : — 


Table  showing  Weight  and  Value  of  Gold  produced  in  New  South 
Wales  from  1851  to  1895  inclusive. 


Year. 

Quantity. 

Value. 

Year. 

Quantity. 

Value. 

Oz. 

£ 

Oz. 

£ 

1851 

144,120 

468,336 

1874 

270,823 

1,040,329 

1852 

818,751 

2,660,946 

1875 

230,882 

877,694 

1853 

548,052 

1,781,172 

1876 

167,411 

613,190 

1854 

237,910 

773,209 

1877 

124,111 

471,418 

1855 

171,367 

654,594 

1878 

119,665 

430,033 

1856 

184,600 

689,174 

1879 

109,649 

407,219 

1857 

175,949 

674,477 

1880 

118,600 

441,543 

1858 

286,798  ' 

1,104,175 

1881 

149,627 

566,513 

1859 

329,363 

1,259,127 

1882 

140,469 

526,522 

1860 

384,0.-,3 

1,465,373 

1883 

123,805 

458,509 

1861 

465,685 

1,806,171 

1884 

107,198 

395,292 

1862 

640,622 

2,467,780 

1885 

103,736 

378,665 

1863 

466,111 

1,796,170 

1886 

101,416 

366,294 

1864 

340,267 

1,304,926 

1887 

110,288 

394,579 

1865 

320,316 

1,231,243 

1  1888 

87,503 

317,100 

1866 

290,014 

1,116,404 

1889 

119,759 

434,070 

1867 

271,886 

1,053,578 

1890 

127,760 

460,285 

1868 

255,662 

994,655 

1891 

153,336 

558,306 

1869 

251,491 

974,149 

1892 

156,870 

569,178 

1870 

240,858 

931,016 

1893 

179,288 

651,286 

1871 

323,609 

1,250,485 

1  1894 

324,787 

1,156,717 

1872 

425,129 

1,643,582 

!  1895 

360,165 

1,315,929 

1873 

361,784 

1,395,175 

i 

i 

Totals  .  .  . 

11,394,562 

42,326,588 

Like  the  other  Australian  colonies,  New  South  Wales  some- 
times suffers  from  prolonged  droughts,  and  the  supply  of  water 
available  for  mining  purposes  materially  affects  the  amount  of  gold 
obtained  during  each  year.  The  average  fineness  of  the  gold  of 
New  South  Wales  may  be  taken  at  about  876. 

The  great  increase  in  gold  production  in  1894  is  due  not  to  any 
discoveries  of  new  fields,  but  to  administrative  measures,  chiefly  to 
the  policy  of  giving  large  numbers  of  unemployed  working  men 
facilities  for  reaching  the  various  gold-fields,  and  enabling  them  to 
go  to  work  on  them.  The  following  table,-  although  incomplete, 
will  give  a  good  idea  of  the  degree  in  which  the  respective  districts 
contribute  to  the  total  production  of  gold  : — 

1  Annua]  Rejjort  of  the  Dejiartmtnt  of  Mines  for  1895,  p.  16. 
-  Annual  Report  of  the  Department  of  Mines  for  1894,  p.  70. 
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District. 


Number  of  miners. 


Allu- 
vial. 


No. 

Albert     ; 

260 

Bathurst 

1,342 

Clarence  and  Richmond 

494 

Cobar 

Hunter  and  Macleay  .   . 

20 

Lachlan 

1,449 

Mudgee 

972 

New  England 

295 

Peel  and  Uralla    .... 

993 

Tambaroora  and  Turon  . 

687 

Tumut  and  Adelong    .   . 

1,127 

Southern     

1,103 

Totals 

8,742 

Quartz 


No. 


Ill 
685 
168 

3,511 
.5.S2 
118 

1,017 
350 
785 
331 


No. 

334 

2,175 

605 

685 

188 

4,960 

1,504 

413 

2,010 

1,037 

1,862 

1,434 


Quantity  of  gold  got. 


Allu- 
vial. 


•Oz. 

3,587 
9,021 
1,488 

390 
10,063 
10,432 
3,270 
6,724 
8,767 
7,502 
10,219 


Quartz. 


Oz. 

4,179 
41,003 

1,398 

20,593 

769 

21,043 

18,007 

3,395 
39,241 

2,678 

9,813 
13,523 


Total. 


Oz. 

7,766 
50,024 

2,886 

20,593 

959 

31,106 

28,439 

6,665 
45,965 
11,445 
17,315 
23,742 


£ 

25,548 

178,500 

10,551 

78,469 

3,371 

115,072 

106,.S35 

22,954 

164,208 

44,233 

63,598 

88,137 


17,207  71,263  !l75,642  i246,905  900,976  3,061 


Sq.  M. 

15 

130 

1,918 

18 

16 

170 

121 

288 

22 

77 

146 

140 


No. 

1 

50 

124 

9 

11 

100 

45 

2 

44 

85 

90 


o  3 

a>  El 

ce  g 

>5 


£ 
1,907  \ 
,109,029  ;i 
[  12,250  'l 

12,100 
!  7,074  ;■ 
i  51,943  il 

44,550  ! 
I  4,150  ! 
1110,491  1 
!  21,900 
I  50,550 
118,885 


647   544,919  \\ 


Crushings  have  been  reported  of  149,514  tons  of  quartz  which 
yielded  107,189  ounces  of  gold,  being  at  the  rate  of  14  dwt.  8  gr. 
per  ton,  a  lower  yield  than  that  obtained  in  the  preceding  year. 
For  1895  ^  far  higher  results  are  returned.  Crushings  are  recorded 
of  128,481  tons  of  quartz,  which  yielded  173,807  oz.,  or  at  the 
rate  of  1  oz.  7  dwt.  1  gr.  per  ton.  This  abnormally  high  result  is 
due  to  a  great  improvement  in  the  yield  in  the  Bathurst  district, 
where  17,541  tons  produced  at  the  rate  of  4  oz.  15  dwt.  17  gr.  per 
ton.  In  1895  there  were  10,103  men  engaged  in  quartz  mining, 
and  the  yield  from  this  source  is  given  as  246,152  oz. 
In  1894  the  alluvial  mines  treated  112,989  loads  of  wash-dirt  for  a 
return  of  3,898  oz.  of  gold,  being  at  the  rate  of  17  gr.  to  the 
ton.  It  may  be  added  that  the  Broken  Hill  Proprietary  Silver 
Mining  Company  obtained  4,079  oz.  of  gold  in  the  course  of 
their  smelting  operations  in  1894.  In  1895  the  average  yield  of 
wash-dirt  is  given  as  6  dwt.  5  gr.,  but  the  return  is  far  too  incom- 
plete to  be  of  any  value.  There  were  11,331  men  engaged  in 
alluvial  mining,  and  72,158  oz.  of  gold  are  returned  as  having 
been  obtained  from  this   source. 

Silver. — Very  little  attention  had  been  paid  to  silver  mining 
previous  to  1885,  when  regular  work  was  commenced  upon  the  rich 
deposits  in  the  Barrier  Range ;  these  have  produced  silver  upon  so 
large  a  scale  as  very  materially  to  affect  the  silver  market  of 
the  world.  Before  this  time  discoveries  had  been  made  at 
Boorook  and  a  few  other  localities,  none  of  which  can  be  considered 
as  being  serious  factors  in  the   silver  production   of  the  colony  in 

1  Annual  Ee^/ort  for  1895,  pp.  33,  77. 
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1895,  the  returns  from  all   other  sources  being  swamjjed  by  the 
immense  production  of  the  Barrier  Range. 

The  Boorook  silver  mines  are  situated  in  a  hilly  country 
twenty-six  miles  north-east  of  Tenterfield,  and  are  worked  upon 
lodes  chiefly  enclosed  in  sedimentary  rocks,  some  of  which  are 
highly  metamorphosed.  The  main  range  of  granite  is  distant  from 
two  to  three  miles  from  the  mines,  and  porphyries  and  crystalline 
schists  occur  in  their  immediate  neighbourhood.  The  fossils  en- 
closed in  some  of  the  stratified  rocks  indicate  that  they  are  of 
Upper  Devonian  age.  The  veins  are  numerous  and  traverse  a 
considerable  extent  of  country,  but  have  only  been  explored  by 
comparatively  shallow  workings.  Their  general  strike  is  east  of 
north  and  west  of  south,  while  their  dip  is  usually  towards  the 
south.  Samples  of  the  ore  have  yielded  by  assay  as  much  as  522  oz. 
of  silver  per  ton.  The  appliances  available  for  the  reduction  and 
treatment  of  the  ores  are  represented  as  having  been  inadequate 
to  the  requirements  of  the  district,  and  the  development  of  the 
mines  has  been  much  retarded  in  consequence. 

Argentite  appears  to  be  one  of  the  principal  sources  of  silver, 
but  pyrargyrite  and  horn  silver  are  likewise  present,  the  associated 
minerals  being  iron  pyrites,  chalcopyrite,  galena,  blende  and  oxide 
of  iron.  The  veinstone  is  principally  quartz,  and  always  contains 
a  certain  amount  of  gold,  the  proportion  found  in  the  samples 
assayed  varying  from  5  gr.  to  18  oz.  j)er  ton.  No  constant  relation 
apjDears  to  exist  between  the  relative  amounts  of  gold  and  silver 
present  in  different  samples.  According  to  Mr.  Davey,  at  depths 
of  less  than  eighty  feet  from  the  surface  the  silver  occurs  chiefly  in 
the  form  of  chloride,  and  is  therefore  readily  obtained  by  amalgama- 
tion ;  while  below  that  point  the  ores  require  a  preliminary  roast- 
ing with  salt.  Mr.  Davey  remarks  that  argentiferous  iron  pyrites 
carrying  gold  would  have  been  most  efficiently  treated  by  smelting 
with  lead  ores,  had  the  necessary  plant  and  fuel  been  available. 

The  most  important  silver  mine  of  the  district  is  the  Golden 
Age,  which  is  worked  in  a  buff-coloured  clay  slate  situated  about 
two  miles  from  the  granite.  The  lode  courses  about  22'  E.  of  N., 
has  a  dip  towards  the  west,  and  to  a  depth  of  about  eighty  feet 
averages  about  twelve  inches  in  width.  From  the  surface  down  to 
this  level  the  most  abundant  ore  was  chloride  of  silver,  with  some 
argentiferous  pyrites.  The  whole  of  the  lode  to  this  depth  has 
been  stoped  away,  and  all  the  chlorides  have  been  exhausted.  About 
52,000  oz.  of  silver  and  250  oz.  of  gold  were  obtained  from  this 
portion  of  the  lode.  There  were  three  shafts  at  this  mine  in  1881, 
the  deepest  of  which  reached  180  feet  below  the  surface.     For  the 
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last  fifty  feet  the  average  width  of  the  lode  was  from  eighteen  to 
twenty  inches,  with  a  band  on  either  side  of  rich  argentiferous 
pyrites.  This  pyrites  contains  silver  in  the  proportion  of  from  70 
to  150  oz.  per  ton;  but  at  the  bottom  of  the  mine  the  centre  of 
the  lode  consists  mainly  of  a  slaty  breccia,  which  is  by  no  means 
rich.  A  mixture  of  iron  pyrites  with  blende  is  often  rich  in  the 
precious  metals,  specimens  of  this  kind  sometimes  yielding  as 
much  as  800  oz,  of  silver  and  5  oz.  of  gold  per  ton  of  stuff. 

The  light-coloured  clay  slate  referred  to  as  forming  a  portion  of 
the  country  rock  of  the  Golden  Age  Mine,  does  not  appear  to  extend 
beyond  the  limits  of  that  property.  About  fifty  yards  south  of  the 
deepest  shaft,  situated  nearly  in  the  centre  of  the  mine,  the  lode  is 
intersected  and  displaced  by  a  flucan  containing  a  few  lenticular 
masses  of  quartz,  which,  near  the  surface,  were  extremely  rich  in 
silver.  The  country  rock  west  of  this  cross-course  differs  materially 
from  that  of  the  Golden  Age  Mine,  consisting  as  it  does  of  a  blue 
fossiliferous  slate,  whereas  on  the  eastern  side  no  fossils  have  as  yet 
been  found.  Belo%v  the  depth  of  eighty  feet  the  rock  becomes  a 
blue  slate  which  is  compact,  and  is  not  known  to  contain  fossils. 
The  lode  gradually  became  richer  as  it  approached  the  cross-course, 
and  was  very  productive  in  its  immediate  vicinity.  During  the 
year  1880,  rather  more  than  30,000  oz.  of  silver  were  returned  from 
the  Golden  Age  Mine,  and  nearly  2,000  more  from  the  Addison 
Lode,  Simmons  and  Donaldson's  claim.  There  were  no  returns  from 
this  district  in  1894. 

The  Barrier  Range  is  a  dry  barren  mountainous  district  in  the 
north-eastern  extremity  of  New  South  Wales.  Silver-lead  ore 
seems  to  have  been  first  found  here  in  1876,i  and  lodes  werefound^ 
from  time  to  time,  together  with  very  rich  float  stones  of  horn 
silver.  In  1883  the  Broken  Hill  lode  was  pegged  out,  and  about 
August  1885  the  Broken  Hill  Proprietary  Silver  Mining  Company 
was  formed.  The  formations  composing  the  Barrier  Range  consist 
of  Pre-Devonian  (possibly  Silurian)  slates,  limestones,  sandstones 
and  micaceous  schists,  striking  about  north  and  south,  dipping 
at  steep  angles  and  penetrated  by  bosses  and  dykes  of  granite 
and  dykes  of  felsite,  diorite  and  basalt.  Alluvial  gold  and  tin 
have  been  found  within  the  limits  of  thisdistrict,also  lodes  of  copper, 
in  addition  to  the  rich  silver  lodes  wdiich  are  the  principal  objects 
of  exploitation.  The  main  Broken  Hill  lode  has  already  been 
described  (see  p.  158),  and    its  peculiar   form,   namely  that  of  a 

^  Most  of  this  information  is  derived  from  J.  B.  Jaquet's  valuable  monograph 
on  the  "Geology  of  the  Broken  Hill  Lode  and  Barrier  Ranges  ^Mineral  Field," 
Memoirs  of  the  Geol.  Survey  of  X.S.  W.,  "  Geology,"  No.  5,  1894. 
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saddle  lode,  lias  been  pointed  out.  There  are  three  other  lodes  all 
approximately  parallel,  the  Eastern,  North  Eastern,  and  the 
Western  Lodes,  each  of  which  may  possibly  be  one  leg  of  a 
parallel  saddle  lode,  the  other  leg  of  which  has  either  been 
suppressed  or  else  denuded  away.  These  other  lodes  may  possibly 
also  be  ordinary  bedded  lodes.  Besides  these,  the  Australian 
Broken  Hill  Consols  is  working  on  a  narrow  lode  which 
seems  on  the  other  hand,  according  to  Mr.  G.  Smith,^  to  be  a 
fissure  vein  and  to  differ  in  many  respects  from  the  previous  ones. 
The  Broken  Hill  Proprietary  Company  has  practically  confined 
its  operations  to  the  main  lode,  and  the  largest  portion  of  the 
ores  hitherto  extracted  have  consisted  of  oxidised  ores  of  various 
kinds.      A   large    amount    of    a   manganiferous    and    ferruoinous 

o  o  o 

ore,  carrying  from  7  to  45  oz.  of  silver  to  the  ton  a.nd  about 
18  per  cent,  of  lead,  has  been  mined,  which  formed  the  cap 
or  gossan  of  a  large  portion  of  the  mine.  There  are  also  rich 
carbonate  of  lead  ores,  containing  5  to  80  oz.  of  silver  to 
the  ton  and  from  20  to  60  per  cent,  of  lead,  so-called  high-grade 
"dry"  ores,  consisting  chiefly  of  kaolin  with  quartz  and  garnets, 
containing  from  4  to  300  oz,  of  silver  to  the  ton  and  about  3  per 
cent,  of  lead,  and  low-grade  dry  ores,  which  resemble  the  carbonate 
of  lead  ore,  except  that  they  contain  less  carbonate  of  lead  and 
more  siliceous  gangue ;  these  carry  5  to  40  oz.  of  silver  to  the 
ton.  There  is  evidence,  throughout  all  these  oxidised  ores,  of 
the  action  of  meteoric  waters,  in  the  form  of  cavities,  containing 
stalactites  of  psilomelane,  limonite  and  calamine,  and  it  is 
to  the  leaching  action  of  these  w^aters  that  the  freedom 
of  the  oxidised  ores  from  any  notable  proportion  of  zinc  must 
be  attributed,  for  they  have  no  doubt  been  formed  by  the  oxidation 
of  the  sulphide  ore  met  with  in  depth.  The  average  of  a  large 
number  of  samples  of  sulphide  ore,  which  consists  of  an  intimate 
mixture  of  blende  and  galena  carrying  silver,  gave  : — 

Lead 27'4  per  cent. 

Zinc 20*5         ,, 

Silver 21"8  oz.  to  the  ton. 

The  table  on  following  page  -  shows  the  results  obtained  by  the 
Proprietary  Company  since  the  commencement  of  operations  : — 

^  "The  Ore  Deposits  of  tlie  Australian  Broken  Hill  Consols  Mine,"  Trans. 
Amer.  Inst.  Min.  Eiig.  1896. 

'  Report  of  the  Directors  of  the  Broken  Hill  Proprietary  Company,  Limited, 
for  half-year  endiny  SQth  November,  1895. 
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The  total  gross  amount  distributed  in  dividends  amounted  to 
£8,160,000  during  these  nine  and  a  half  years. 

Numerous  other  companies  are  working  on  the  main  iode 
and  on  the  parallel  lodes,  the  ores  being  in  each  case  practically  of 
the  same  class.  Thus  the  British  Broken  Hill  Proprietary 
Company,  Limited,  are  working  the  main  and  the  north-eastern 
lodes  and  extracting  4,000  to  5,000  tons  of  ore  per  annum  ;  in  the 
year  ending  June  30th,  1895,  the  amount  was  4,795  tons,  averaging 
about  20  i^er  cent,  of  lead  and  50  oz.  of  silver  to  the  ton.  The  Consols 
lode  differs,  as  already  stated,  from  the  other  vein  of  the  Broken 
Hill  lode  system.  It  is  only  about  18  inches  wide,  strikes  east 
and  west  dipping  24^  to  the  south  at  the  surface,  but  is  nearly 
vertical  in  depth ;  it  has  been  traced  for  a  length  of  1,300  feet  and 
to  a  depth  of  over  300  feet.  It  thus  cuts  across  the  bedding 
of  the  metamorphic  rocks  in  which  it  occurs  ;  the  limits  of  the 
ore  shoots  are  within  so  much  of  the  lode  as  traverses  a  series 
of  dykes  of  amphibolite,  the  vein  pinching  -whenever  it  enters  the 
metamorphic  rocks.  According  to  Mr.  Smith  Qoc.  cit.)  the  diorite 
carries  two  separate  and  parallel  cross-veins  of  blende,  pyrites, 
&c.,  in  quartz,  varying  from  a  mere  streak  to  three  feet  in  thick- 
ness. Wherever  the  vein  intersects  these  cross-veins,  valuable 
deposits  of  silver  ore  have  been  found.  The  analogy  between 
this  occurrence  and  the  fahlbands  of  Kongsberg  is  too  obvious 
to  be  overlooked.  The  ores  of  the  Consols  lode  are  not  silver 
lead  like  those  of  the  other  lodes,  but  consist  of  true  silver  ores, 
chiefly  stromeyerite  and  discrasite  ;  these  silver  ores  are  always 
associated  with  cobalt  minerals. 

Included  within  the  same  mining  division,  the  Albert  division, 
there  are  several  other  mineral  fields  of  less  importance.  The 
Pinnacles  Mines  lie  about  nine  miles  south-west  from  Broken  Hill.^ 
There  are  a  series  of  lodes  lying  about  parallel  to  the  foliation 
planes  of  the  gneiss  which  forms  the  country  rock,  the  veinstuft' 
passing  gradually  into  the  country  rock  without  well-defined  walls; 
they  are  probably  therefore  bedded  veins  formed  metasomatically, 
the  mineralising  solutions  having  made  their  way  through  certain 
of  these  foliation  planes.  The  ores  are  chiefly  argentiferous 
galena  and  pyrrhotine  with  very  little  zinc,  the  gangue  con- 
sisting of  garnets  and  quartz  ;  the  ore  averages  25  oz.  of  silver  to 
the  ton  and  12  per  cent,  of  lead.     At  Thackeringa  and  other  places, 

^  J.  B.  Jaquet,  "  Geology  of  the  Broken  Hill  Lode  ami  Barrier  Ranges 
Mineral  Field,"  Memoirs  of  the  Geological  Survey  of  Xeiv  South  Wales,  Sydney, 
1894,  p.  107. 
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bedded  veins  carrying  ores  resembling  those  of  the  Broken  Hill  lodes 
have  been  worked.  During  1894  work  was  almost  confined  to  the 
Broken  Hill  district.  The  total  quantities  and  values  of  minerals 
produced  during  1894  and  1895  in  this  field  were  fis  follows  : — ^ 


I 

1 

1S94. 

1895. 

Weight. 

Value. 

Weight. 

Value. 

Gold    .......... 

4,079  oz. 

4,650  oz. 

£18,600 

Silvei'  lead  bullion   .    .    . 

4-2,509  tons 

£1,543,038 

29,684  tons 

959,562 

Silver  lead  ore  ..... 

137,385     ,, 

644,896 

189,133     ,, 

587,255 

Silver  ingots 

511,090  oz. 

61,194 

472,449  oz. 

57,804 

Copper  ore         

80  tons 

673 

23  tons 

112 

Copper  matte    .        ... 

190     ., 

500 

1,004     ,, 

21,230  i 

Iron  ore      

L'.l4      ,, 

256 



— 

Tin  ore 

25     ., 

1,172 

.    — 

— 

Total  values 

£2,251,729 

£1,644,563  j 

1 

The  total  amount  of  pure  silver  in  the  above  may  be  taken  at 
about  twelve  million  and  eight  and  two-third  million  ounces 
respectively. 

In  addition  to  the  silver  obtained  from  silver  and  lead  ores, 
native  gold  is  invariably  alloyed  with  that  metal,  and  consequently 
a  very  considerable  quantity  of  silver  has  accompanied  the  Aus- 
tralian o-old  through  various  commercial  channels.  Although  in  the 
aggregate  tlie  amount  will  be  somewhat  large,  the  value  of  this 
silver  is  relatively  so  small  that  it  is  not  taken  into  consideration 
in  the  estimates  of  gold  produced.  The  following  is  the  official 
return  of  the  silver  produced  in  the  colony  of  New  South  Wales 
from  1862  to  1895  :— i 

Takle  sHOwiNo  Weight  and  Value  of  Silver  Ores  axd  Silver  produced 
IN  New  South  Wales  prior  to  1869. 


Yeat. 

Quantity. 

Value. 

£ 

1862 

266  tons  ore. 

5,320 

1863 

•28 

1,080 

1864 

13 

130 

1865 

73()  oz.  silver. 

184 

1866 

Nil. 

— 

1867 

,, 

— 

1868 

" 

— 

Total 

prior 

to  1869 

6,714 

Annual  Reports  of  the  Department  of  Mines. 
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Table  showing  Weight  and  Value  of  Silver  pkoduced  in  Xew 
South  Wales  from  1869  to  1881  inclusive. 


Year. 

Quantity. 

Vain.-. 

V.-ar. 

Quantity. 

Value. 

Oz. 

(Jz. 

Toend.jf  ISIjS 

— 

6,714 

1875 

52,553 

12,794 

1869 

753 

199 

1876 

69,179 

15,456 

1870 

13,868 

3,801 

1877 

31,409 

6,673 

1871 

71,311 

18,681 

1878 

60,563 

13,291 

1872 

49,.-)44 

12,663 

1879 

83.164 

18,071     ' 

1873 

66.998 

16,278 

1880 

91,419 

21,878 

1874 

78.027 

18,88(» 

1881 

.57,254 

13,026 

Totals     . 

726,042 

178,405 

(Quantities   and    Values  of  Silver,  Silver-lead   and   Ore   exported  from 
(produced  in)  New  South  Wales  from  1881  to  the  exd  of  1895.^ 


Year. 

Silver. 

Silver-lead  and 

ore. 

Total  value. 

Quantity. 

Value. 

Ore. 
Quantity. 

Metal.      1 
Quantity. 

Tons. 

Value. 

()■/.. 

.• 

Tons. 

£ 

£ 

Up  to  1881 

726,779 

178,405 

192 

— 

5.025 

183,430 

1882 

38,618 

9,024 

12 

— 

360 

9,384 

1883 

77.065 

16,488 

1.36 

— 

2,075 

18,563 

1884 

93,660 

19,780 

9. 1 68 

— 

241,940 

261,720 

1885 

794,174 

158,187 

2,096 

190 

107,626 

266,813 

1886 

1.015,4.33 

197,544 

4,802 

— 

294,485 

492,029 

1887 

177.308 

32,458 

12,529 

— 

541,952 

574,410 

1888 

375,064 

66,668 

11,739 

18,103 

1,075,737 

1,142,405 

1889 

416,895 

72,001 

46,965 

34,  .580  . 

1,899,197 

1.971,198 

1890 

496,553 

95,410 

89,720 

41,320 

2.667.144 

2.762,554 

1891 

729..590 

134,850 

92,384 

55,396 

3.484,739 

3,619.589 

1892 

350,662 

56,884 

87,505 

45,850 

2,420,9.-)2 

2,477,836 

.     1893 

531.972 

78,131 

155,859 

.58,401 

2,953,589 

3,031,720 

1894 

846,822 

94,150 

137,813 

42,513 

2,195,339 

2,289,489 

1895 

550,142 

81,858 
1,292,838 

191,193 

29,687  I 

1,560,813 

1,642,671 

Totals 

7,220,737 

841,113 

326,040 

19,450,973 

20,743,811 

I 


Copper. — Copper  ores  have  for  many  years  figured  among 
the  productions  of  New  Soutli  Wales,  but  for  some  time  copper 
mining  was  conducted  upon  a  very  limited  scale.  During  the  earlier 

'  Annual  Ri'.porl  oj  the  Dejiiartmi.nl  oj  Mines  for  1895,  p.  54. 
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periods  of  mining  activity,  tlie  cost  of  transporting  bulky  ores 
from  the  interior  of  the  colony  to  the  sea  coast  for  shijDment 
placed  the  copper  miner  at  considerable  disadvantage  as  compared 
with  the  gold  digger.  Washing  for  gold  was,  therefore,  generally 
preferred  to  mining  for  an  ore  the  value  of  which  could  only  be 
realised  after  a  large  expenditure  of  time  and  money.  In  order  to 
obviate,  as  far  as  possible,  this  difficulty,  copper  miners,  at  a  com- 
paratively early  date,  commenced  the  erection  of  furnaces  for  the 
pi'oductioii  of  regulus,  and  the  process  was  subsequently  extended 
to  the  manufacture  of  fine  copper. 

The  first  mention  of  copper  ores  in  the  statistics  of  the  colony 
appears  to  occur  in  1858,  in  which  year  58  tons,  of  the  value  of 
£1,400,  are  stated  to  have  been  raised.  The  first  smelting  furnaces 
appear  to  have  been  erected  about  the  year  1863,  since  which  date 
the  production  of  copper  ores  and  copper  has  steadily  and  some- 
what rapidly  increased.  Unfortunately,  however,  the  official 
records  of  the  colony  supply  more  information  with  regard  to  the 
annual  production  of  copper  than  with  respect  to  the  mode  of 
occurrence  of  its  ores. 

The  Great  Cobar  Copper  Mine,  which  was  for  a  good  many 
years  the  most  important  copper  mine  of  New  South  Wales,  is 
situated  almost  in  the  centre  of  the  vast  plain  which  lies  between 
the  Darling,  the  Began,  and  the  Lachlan  rivers,  the  country  for 
many  miles  around  being  entirely  waterless.  The  rocks  consist  of 
Silurian  slates,  which  within  the  limits  of  the  property  are  sup- 
posed to  be  traversed  by  several  lodes.  Operations  have  hitherto 
been  confined  to  the  most  western  one  only,  upon  which  four 
shafts  have  been  sunk.  Barton's  Shaft  had,  in  1880,  been  sunk  to 
a  depth  of  54  fathoms,  and  in  that  year  the  inspector  of  mines 
reported  the  lode  at  the  bottom  to  be  46  feet  in  width  and  to 
consist  entirely  of  solid  sulphides.  At  the  bottom  of  Becker's 
Shaft,  which  had  been  sunk  to  the  same  depth  as  the  other,  a 
solid  course  of  ore,  averaging  26  feet  in  width,  extended  between 
the  two  shafts,  a  distance  of  about  100  fathoms.  From  Becker's 
Shaft  on  the  north,  to  Renwick's  Shaft  on  the  south,  the  lode  had 
been  worked  for  a  length  of  about  198  fathoms,  and  consisted  of  a 
mixture  of  carbonates,  oxides,  and  gray  copper  ores,  with  oxide  of 
iron,  varying  in  thickness  from  three  to  100  feet. 

The  rapid  development  of  this  mine  is  shown  by  the  following 
statistical  statement.^ 

1  Annual    Rejiort    of   tht    Department    of    Jline-s    for    1880,    Sydney,   1881, 
p.  217. 
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Year. 

Ore  smelted 

Copper  produced. 

Tons. 

Tons. 

1876 

1,458 

174 

1877 

4,880 

523 

1878 

8,389 

1,457 

1879 

12,615 

1,891 

1880 

20,566 

2,600 

18S1 

21,552 

2,568 

1882 

11,702 

1,805 

Totals  since  the  mine  started, 

1876 

81,162 

11,018 

The  mine  was  closed  down  in  1889,  up  to  which  date  it  had 
produced  about  23,000  tons  of  metalHc  copper,  but  it  was  restarted 
in  1S94,  in  which  year  the  production  was  13,460  tons  of  ore, 
yielding  665  tons  of  smelted  copper,  valued  at  £26,600.  In  1895^ 
there  were  37,845  tons  of  ore  raised,  producing  1,703  tons  of 
smelted  copper,  worth  £68,120. 

The  Nimmagce  Copper  Mine,  about  sixty-five  miles  south  of 
Cobar,  is  one  of  the  most  important  of  the  more  recent  under- 
takings. Four  shafts  had,  in  1881,  been  sunk  on  the  property, 
the  deepest  of  which  had  reached  a  depth  of  27  fathoms  from  the 
surface.  In  this  shaft  the  lode  was  6  feet  in  width,  and  entirely 
composed  of  good  ore  suitable  for  the  furnace.  An  end,  going 
north,  had  been  driven  above  60  fathoms  through  a  lode  composed 
of  quartz,  gossan,  and  gray  copper  ore.  Another  shaft  had  been  sunk 
for  a  depth  of  12  fathoms  through  a  lode  composed  of  quartz,  gossan, 
iron  pyrites,  and  yellow  copper  ore.  About  500  tons  of  16  per 
cent,  ore  was  lying  on  the  surface  ready  for  the  smelting  furnaces 
in  1881.  In  1894  this  Company  raised  1,688  tons  of  ore,  yielding 
148^  tons  of  smelted  copper,  valued  at  £5,490,  and  in  1895  the 
production  was  5,845  tons  of  ore,  yielding  485  tons  of  smelted 
copper,  worth  £21,825.  Another  important  producer  is  the  Burraga 
Copper  Mine,  near  Burraga,  which  produced  622  tons  of  metallic 
copper  in  1894.  In  1895  the  lode  was  lost,  bnt  was  picked  up 
again  ;  the  output  for  the  latter  year  was  3,811  tons  of  ore,  pro- 
ducing 331  tons  of  copper,  worth  £14,895. 

The  New  Cobar  Copper  Mine,  which  is  only  about  eight  miles 
south  of  Great  Cobar,  has  also  been  extensively  worked.  The 
approximate  area  of  the  copper-bearing  region  of  New  South 
Wales  has  been  estimated  at  about  6,700  square  miles. 

'  Aiuiiial  Report  of  the  Dejmriment  of  Mines  for  1895,  p.  61. 
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The  following  table  ^  shows  the  quantity  and  value   of  copper, 
copper  ore.  &c.,  exported  from  the  colony  from  1858  to  1895  : — 

Table  showing  the  Quantity  and  Value  of  Copper,  Copper  Ore  and 
Regulus,  the  Produce  of  the  Colony,  exported  from  Ne\v  South 
Wales,  from  1858  to  1895  inclusive. 


Year. 

Ingots. 

Ore  and  Regulus. 

Tota 

1. 

; 

1 

Quantity 

Value. 

Quantity. 

Value. 

Quantity 

Value.   ! 

Tons  owt. 

£ 

Tons  cwt.  1 

£ 

Tons  cv 

vt. 

& 

1858 

— 

/\ 

— 

58 

0 

1,400  j 

58 

0 

1,400  : 

1859 

30 

0  ' 

578 

— 

— 

30 

0 

578  1 

1860 

, 

i 



43 

0 

1,535 

43 

0 

1,535 

1861 

— 



144 

0  i 

3,390 

144 

0 

3,390 

1862 





213 

0 

5,742 

213 

0 

5,742  1 

1863 

23 

0 

1,680 

114 

0 

420 

137 

0  ' 

2,100 

1864 

54 

0 

5,230 



— 

54 

0 

5,230 

1865 

247 

15,820 

22 

0 

545 

269 

0 

16,365 

1866 

255 

0  i 

18,905 

23 

0 

1,885 

278 

() 

20,790 

1867 

393 

30,189 

0 

2 

5 

393 

2 

30,194 

1868 

644 

23,297 

172 

0 

4,000 

816 

0 

27,297 

1869 

1,980 

74,605 

104 

0 

2,070 

2,084 

0 

76,675 

1870 

994 

65,671 

6 

0 

60 

1,000 

0 

65,731 

1871 

1,350 

87,579 

94 

0 

1,297 

1,444 

0 

88,876 

1872 

1,035 

0 

92,736 

417 

0 

13,152 

1,452 

0 

105,888 

1873 

2,795 

0 

237,412 

51 

0 

1,690 

2,846 

0 

239,102 

1874 

3,638 

0 

311,519 

522 

0 

13,621 

4,160 

0 

325,140 

1875 

3,520 

0 

297,334 

157 

0 

4,356 

3,677 

0 

.301,690 

1876 

3,106 

0 

243,142 

169 

0 

6,836 

3,275 

0 

249,978 

1877 

4,153 

0 

307,181 

360 

0 

17,045 

4,513 

0 

324,226 

1878 

4,983 

0 

337,409 

236 

0 

7,749 

5,219 

0 

345,158 

1879 

4,106 

15 

256,437 

36 

7 

915 

4,143 

2 

257,352 

1880 

5,262 

10 

359,260 

131 

\Hh 

4,799 

5,394 

8i 

364,059 

1881 

5,361 

0 

350,087 

132 

16 

4.975 

5,493 

16" 

355,062 

1882 

4,865 

3 

321,887 

93 

1 

2.840 

4,958 

4 

324,727 

1883 

8,872 

17 

574,497 

84 

]0 

2,704 

8,957 

/ 

577,201 

1884 

7,286 

6 

415,601 

18 

18 

578 

7,305 

4 

416,179 

1885 

5,745 

5 

264,905 

0 

15 

15 

5,746 

0 

264,920 

1886 

3,968 

18 

166,429 

'   57 

18 

1,236 

4,026 

s 

l(i7,6()5 

1887 

4,463 

19 

195,752 

299 

8- 

3,350 

4,763 

7 

199,1(12 

1888 

3,786 

1 

272,110 

113 

6 

2,924 

3,899 

7 

275,034 

1889 

3,983 

16 

203,319 

198 

4 

1   3,322 

4,182 

0 

206,641 

1890 

3,165 

9 

163,537 

580 

9 

!   9,774 

3,755 

18 

173,311 

1891 

3,860 

3 

191,878 

665 

8 

13,215 

4,525 

11 

205,093 

1892 

3,535 

0 

160,473 

1,299 

4 

27,233 

4,834 

4 

187,706 

1893 

1,051 

0 

44,235 

1,016 

0 

14,191 

2,067 

0 

58,426 

1894 

1,556 

11 

61,034 

580 

6 

12,447 

2,136 

17 

73,481 

1895 

2,793 

1 

3 

119,300 

1 

1,058 

0 

21,585 

3,851 

3 

140,885 

Totals 

1 

102,863 

16 

6,271,028 

9,281 

0^ 

212,901 

112.144 

16i 

6,483,929 

1 

Tin. — The    most   important    tin-fields    of   New    South    Wales 
are  those  situated  near  the  Queensland  boundary,  but  tin  ore  also 

^  Aunaal  Rfqjort  of  the  DejMrtment  of  Mines  for  1895,  p.  62. 
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occurs,  altliough  in  less  abundance,,  in  some  of  the  more  southern 
portions  of  the  colony.  Attention  was  first  called  to  the  probable 
occurrence  of  considerable  quantities  of  this  mineral  by  the  Rev. 
W.  B.  Clarke,  to  whose  investigations  relative  to  the  geology 
and  mineral  resources  of  Australia  reference  has  already  been 
made.  In  a  report  to  the  Colonial  Secretary,  dated  May  7th,  1853, 
Mr.  Clarke  expressed  his  opinion  strongly  with  regard  to  the 
probable  value  of  the  stanniferous  deposits  of  the  New  England 
district,  but  no  practical  notice  was,  at  the  time,  taken  of  his 
observations.  Washing  for  tin  ore  was  first  actively  commenced  in 
New  South  Wales  in  1872,  and  the  New  England  district  quickly 
became  famous  for  its  rich  deposits  of  that  mineral.  Cassiterite 
was  first  recognised  among  the  black  sands  of  the  Victorian  gold- 
fields  in  March  1853,  but  although  the  occurrence  of  tin  in  that 
colony  is  comparatively  limited,  it  was  not,  as  in  New  South  Wales, 
entirely  overlooked.  Tin  ores  from  Australia  were  imported  into 
England  long  previous  to  1872,  but  they  appear  to  have  come 
exclusively  from  Victoria. 

The  tin  deposits  of  Australia  are  not  confined  to  the  beds  or 
banks  of  modern  water-courses,  but  often  extend  high  up  their 
sides,  thus  indicating  that  extensive  erosion  has  taken  place 
subsequently  to  their  deposition.  Like  gold,  tin  ore  is  also  found 
in  deep  leads,  which  are  sometimes  covered  by  flows  of  basalt, 
and  many  of  which  are  regarded  as  of  Miocene  age.  Granites 
appear  to  be  the  ultimate  source  of  Australian  tin  ore,  and  on  high 
ground  unworn  crystals  of  cassiterite  are  occasionally  found  as  a 
residuary  deposit  resting  on  the  surface  of  decomposed  granite. 
The  granites  have  been  stated  to  be  of  Devonian  age,  and  the  tin 
veins  Avhich  traverse  them  do  not,  as  in  Cornwall,  exhibit  an 
approximate  uniformity  of  strike.  According  to  Mr.  T.  W.  Edge- 
worth  David ,1  who  published  a  very  complete  monograph  on  the 
Vegetable  Creek  district  in  1887,  the  stanniferous  granites  cover 
an  area  of  297  square  miles,  and  are  probably  of  Permian  age. 
They  form  well-marked  bosses,  piercing  dark-coloured  clay  slates 
and  slialcs,  and  are  associated  with  eruptive  eurites  and  porphyries. 
The  area  of  the  New  South  Wales  tin-fields  was  estimated  at 
about  8,500  square  miles,  and  2,200  persons  were  said  to  be 
employed  in  tin  mining  iu  1880,  the  figures  for  1895  not  being 
very  different. 

Tin  streams  began  to  be   profitably  worked  early  ia  the   year 

1  "  Geology  of  the  Vegetable  Creek  Tin-Mining  Field,"  Gtol.  Survey  of  X.S.  W. 
1887,  p.  23. 
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1872,  some  of  the  first  deposits  of  ore  having  been  discovered 
in  the  neighbourhood  of  Bendemeer ;  and  almost  simultaneously 
a  large  extent  of  land  was  taken  up  for  tin  mining  in  the 
neighbourhood  of  Watson's  Creek,  twenty  miles  west  of  the  last- 
named  locality.  Then  there  came  information  of  tin  ore  having 
been  found  near  the  Queensland  border,  and  Streamworks,  some 
of  which  proved  to  be  very  rich,  were  opened  around  Stanthorpe. 
After  the  Stanthorpe  mines,  came  discoveries  in  the  vicinity  of 
Dundee,  and  about  the  same  time  the  deposits  of  Cope's  Creek, 
near  Inverell,  were  brought  to  light.  Discoveries  at  Vegetable 
Creek  quickly  followed  these,  where,  as  well  as  at  Inverell,  the 
workings  were  carried  out  upon  a  large  scale  and  Avith  very  profit- 
able results.  Some  of  these  original  shallow  deposits  have  been 
long  since  worked  out,  but  a  large  number  of  deep  leads,  then 
entirely  unknown,  are  now  in  active  operation.  An  enormous 
quantity  of  tin  ore  has  been  taken  from  the  mines  in  Vegetable 
Creek,  which  may  be  regarded  as  the  centre  of  the  richest 
discoveries  of  that  mineral  in  the  colony.  From  1872  to 
December  31,  1880,  the  total  yield  of  tin  (black  tin  ?)  from 
workings  in  the  Vegetable  Creek  district,  is  stated  to  have 
amounted  to  20,988  tons.^ 

The  deep  lead  worked  by  Wesley  Brothers  at  Vegetable 
Creek  is  one  of  the  richest  discoveries  of  tin-bearing  drift  ever 
made  in  the  district,  even  eclipsing  the  celebrated  deposit  worked 
by  the  Vegetable  Creek  Tin  Mining  Company.  After  sinking 
through  90  feet  of  basalt,  60  feet  of  which  was  exceedingly  hard, 
together  with  various  layers  of  pipeclay,  their  perseverance  was 
rewarded  by  the  discovery  of  a  bed  of  rich  wash-dirt.  When  they 
had  followed  the  rock  on  which  they  bottomed,  which  was  dipping 
rapidly,  for  a  depth  of  about  twenty  feet,  they  came  upon  the 
wash,  consisting  of  ten  feet  of  fine  sandy  drift,  with  a  fair  amount 
of  stream  tin.  Below  this  was  a  layer  of  coarse  gravelly  drift, 
exactly  like  that  seen  in  the  bed  of  an  ordinary  river,  which  was 
wonderfully  rich.  In  the  year  1879  they  were  unable  to  reach 
the  bed-rock  on  account  of  the  large  amount  of  w^ater,  but  a  new 
shaft  was  being  sunk  with  a  view  of  reaching  the  bottom  of  the 
deposit.  Fig.  113  represents  a  section  of  Wesley  Brothers'  old 
shaft  looking  Avest. 

In  1880  the  width  of  the  lead  had  been  proved  to  be  170  feet, 
and  workings  had  extended  upon  its  direction  for  a  distance  of 
340   feet.     The  wash  was  found  to  be  exceedingly  rich,  and  in 

'  C.  Lyne,  The  Induxtries  of  Xeiv  South  Wales, -p.  190. 
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many  places  was  black  with  tin  oxide ;  but,  being  composed  of 
gravel  and  very  fine  sand,  the  whole  of  the  workings  had  to  be 
close  lathed  and  double  planked.     The  yield  of  black   tin,  which 
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Fig.  113. — Wesley  Brothers'  old  shaft ;  vertical  section. 


was  286  tons  for  the  year,  would  have  been  considerably  larger  had 
there  not  been  a  scarcity  of  water  during  the  earlier  months. 

The  great  event  of  the  year  1880  appears  to  have  been  the 
striking  of  remarkably  rich  wash-dirt  at  Rose  Valley,  near 
Vegetable  Creek,  where,  after  sinking  through  sixty  feet  of  soft 
gray  basalt  and  twenty  of  variously  coloured  pipeclays,  exceedingly 
rich  tin-bearing  wash-dirt,  which  varied  in  thickness  from  2  to  8| 
feet,  was  found.  The  width  of  this  lead  was  proved  to  be  about 
1 00  feet,  and  drifts  were  extended  for  a  distance  of  300  feet  upon 
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its  course.    From  these  workings  558i  tons  of  tin  ore  were  obtained 
durincr  the  course  of  nine  months. 

Vegetable  Creek  presents  examples  of  several  distinct  forms  of 
tin  deposits.^  Alluvial  tin  is  found  both  in  the  deep  leads  of  the 
early  Tertiary  j)eriod,  and  in  shallow  leads  of  recent  and  Pleistocene 
age.  Lode  tin  occurs  in  fissure  veins,  in  gash  veins,  in  joints  of 
the  granite,  in  impregnations  and  in  stock  works. 

The  shallow  leads  had  up  to  1886  yielded  some  15,000  tons  of 
ore  from  a  length  of  about  o  miles  and  an  area  of  about  150  acres. 
The  depth  varies  from  1  to  15  feet  with  an  average  of  7  feet,  and 
the  thickness  of  the  pay  gravel  from  2  to  7  feet  with  an  average 
of  2h  feet.  These  figures  work  out  to  a  richness  of  2i  per  cent,  or 
I  cwt.  to  the  cubic  yard  of  pay  gravel,  or  about  20  lb.  to  the  cubic 
yard  of  excavation  of  the  entire  deposit. 

The  deep  lead  has  been  found  to  be  very  variable  ;  its  thickness 
is  from  1  to  13  feet  with  an  average  of  about  6  feet,  and  an  aver- 
age Avidth  of  some  80  feet.  In  spots  it  has  yielded  100  lb.  of  tin 
ore  to  the  cubic  yard  of  pay  gravel.  In  some  places  an  upper 
lead  has  been  found  overlying  the  main  basalt,  and  passing 
under  a  sheet  of  more  recent  lava.  Up  to  1886  the  deep 
leads  had  j)roduced  6,0(»0  tons  of  ore  from  a  length  of  close  on 
2|  miles. 

Numerous  tin  lodes  were  known  to  exist  in  various  localities  in 
New  South  Wales,  but  no  vein  mining  of  any  considerable  extent 
had  been  undertaken  before  1882.  Near  Cope's  Creek  in  the 
granitic  country,  thirty-five  miles  north-west  of  Armidale,  a  number 
of  large  stones  of  solid  tin  ore  were  at  one  time  obtained  from 
the  outcrojD  of  a  lode.  One  of  these  lumps  is  said  to  have  weighed 
57  lbs.,  and  to  have  yielded  by  assay  76  per  cent,  of  metallic  tin. 
The  tin  ore  at  the  Bolitho  Mine  runs  in  irregular  branches  through 
a  nearly  vertical  felspathic  dyke.  These  veins  sometimes  unite  so 
as  to  form  an  almost  solid  mass  of  ore,  and  then  again  dwindle  and 
disappear.  Several  large  blocks  of  vein-stone  raised  from  this 
place,  one  of  which  weighed  nearly  a  ton,  are  stated  to  have 
mainly  con.sisted  of  tin  ore.  At  the  Bismarck  Mine,  south  of  Cope's 
Creek,  a  dyke  of  felstone  has  been  discovered  containing  tin  veins. 
The  tinstone  is  here  associated  with  quartz  in  veins  varying  from 
a  mere  string  to  branches  three  inches  in  width,  which  traverse  the 
dyke  in  all  directions.  The  ore  usually  occurs  in  the  form  of 
crystals  lining  the  sides  of  fissures,  the  central  portions  of  which 
are  filled  with  quartz.  A  vein  of  nearly  pure  cassiterite,  four 
1  T.  W.  E.  David,  op.  nf. 
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inches  iu  width,  associated  with  clay  and  fluor  spar,  is  said  to  have 
been  opened  at  the  Boundary  Tin  Mine. 

Several  tin  lodes  occur  near  Tingha,  some  of  which  are  stated 
to  have  produced  solid  masses  of  tin  ore  several  inches  in  thickness ; 
but  with  the  exception  of  two,  one  worked  by  an  Englishman  and 
the  other  by  Chinamen,  they  were  all  deserted  in  1880.  Tin  lodes 
are  also  known  in  numerous  other  districts,  generally  in  granite, 
at  times  in  greisen  and  in  eurite  ^ ;  they  are  most  typically  devel- 
oped in  the  Vegetable  Creek  district,  where  they  are  now  largely 
worked. 

Lode  mining  early  became  an  important  factor  in  the  tin  output 
at  Vegetable  Creek.  Thus  in  1886-  and  1895  the  yield  from  each 
class  of  working  was  follows  : — 

1886.  1895. 


Tons 

cwt. 

Tons. 

Lode  Avorkings      .     .     . 

.     169 

13     . 

.     286 

Shallow  lead  workings  . 

.     761 

1     . 

.     499 

Deep  lead  workings  .     . 

.     962 

8     . 

.     115 

Totals    .     .     .     . 

.  1893 

2 

.     .     900 

The  former  proportion  was,  however,  maintained  practically  un- 
changed for  some  years  till  quite  recently. 

The  most  important  form  of  lode  tin  deposit  is  in  true  fissure 
veins  and  in  gash  veins  or  joint  veins,  which  closely  resemble  the 
former;  they  are  either  right  running  veins,  that  is,  parallel  to 
the  principal  system  of  joints  in  the  granite,  or  marginal,  that  is, 
parallel  with  the  junction  of  the  granite  and  the  clay  state.  The 
ore  shows  a  marked  tendency  to  form  shoots,  whose  average  length 
is  about  100  feet,  depth  about  6  feet,  and  width  li  feet;  the 
average  dip  is  about  26  ,  mostly  in  a  north-easterly  direction. 
The  average  strike  of  the  right-running  veins  is  39°  15'  east  of 
north  and  west  of  south,  the  angle  ranging  between  24°  and  70°  east 
of  north.  The  average  dip  is  77°;  33  veins  dip  north-westerly,  10 
south-easterly,  and  3  are  vertical.  The  gangue  is  mostly  quartz, 
more  rarely  chlorite  or  felspar,  whilst  all  the  minerals  associated 
with  tinstones  in  other  parts  of  the  world  also  occur  here.  The 
country  rock  is  mostly  granite  ;  70  veins  are  enclosed  in  granite, 
<S  in  quartz  porphyry  and  eurite,  3  each  in  porphyroid  and  claystone. 

'  A.  Liversidge,  The  Minern/.s  of  Xeir  South  Wa/e-s,  1888,  p.  78. 
'  T.  W.  E.  David,  op.  cit. 
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The  most  favourable  counti-y  is  a  moderately  hard  open-gi'ained 
Tertiary  granite,  with  rather  large  greenish  felspar  crystals.  The 
greatest  length  over  which  any  vein  has  been  proved  to  be  tin- 
bearing  is  one  mile  (Butler's  vein).  The  greatest  width  is  about 
4  feet  (Ottery's  vein),  the  average  width  being  about  1  foot  6  inches. 
The  maximum  depth  in  188G  was  200  feet.  The  richness  of  the 
veinstone  varies  within  very  wide  limits,  but  seems  to  average 
about  3J-  per  cent.  Up  to  1886  lode  mining  had  yielded  1,570 
tons  of  ore. 

This  division,  known  as  the  Emmaville  division,  was  in  1895^ 
the  leading  tin-producing  district  of  New  South  Wales.  The  900 
tons  here  produced,  distributed  as  shown  on  the  previous  page, 
were  valued  at  £29,70(1,  and  were  the  product  of  the  work  of  350 
Europeans  and  200  Chinamen.  The  low  retuins  as  compared  with 
the  previous  year  are  stated  to  be  due  to  long-continued  drought, 
which  greatly  impeded  dressing  operations.  The  principal  lode 
minino-  was  still  being  carried  on  at  the  Otterv  Tin  Mine  on  Trent 
Hill.  The  lode  here  is  said  to  have  varied  from  3  to  25  feet  in 
width,  carrying  about  3  per  cent,  of  tin,  and  this  mine  is  said  to 
have  produced  181  tons  of  dressed  ore,  or  about  two-thirds  of  the 
entire  output  of  lode  tin  from  this  division.  Not  much  work  was 
being  done  at  Butler's  Mine  during  the  year. 

It  IS  noticeable  that  here,  as  elsewhere,  the  tin-bearing  portion 
of  the  granite  is  practically  confined  to  a  belt  that  forms  the  outer 
crust  of  the  boss ;  it  ceases  to  be  tin-bearing  at  a  distance  of  about 
Ih  miles  from  its  junction  with  the  clay  slate.  Some  of  these  veins 
run  within  fairly  well-defined  walls  ;  in  other  cases  impregnations 
extend  along  both  walls  of  a  narrow  median  fissure,  the  granite  on 
either  side  getting  gradually  poorer  in  tin.  In  yet  other  instances, 
many  minute  veinlets  of  tinstone  and  quartz  traverse  quartz 
porphyry  or  felsite,  as  at  Strathbogie  North,  forming  a  true  stock- 
work.  Taken  altogether  this  district  presents  many  analogies  with 
the  occurrences  at  Zinnwald  and  other  places  in  the  Erzgebirge. 

Native  tin  has  been  discovered  in  the  sands  of  the  Aberfoil 
river  in  minute  crystalline  grains  rarely  exceeding  1  millimetre  in 
diameter." 

The  following  table  -^  shows  the  quantity  and  value  of  tin  and 
tin  ore  exported  from  the  opening  of  the  tin-fields  in  1872  to  the 
end  of  1895  :— 

'  Annual  Rtport  of  the  Dtjiartmtut  of  Jlinesfor  1895,  p.  59. 
-  A.  Liversidge,  The  Minerals  of  ^eio  South  IFa/fe-s,  1888,  p.  76 
•*  Annual  Report  of  the  DejKirtment  of  Jlines  for  1895,  p.  60. 
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Table  showixg  the  Qtaxtity  axd  Value  of  Tix  and  Tix  Ore,  the  Produce 

OF  THE  COLOXT,  EXPORTED  FROM  NeW  SoUTH  WaLES  TO  END  OF  1895. 


Year. 

Ing 

ots. 

Ore. 

Total. 

Quantity. 

Value.   1 

Quantity. 

Value. 

Quantity. 

Value. 

Tons. 

£ 

Tons. 

■£ 

Tons. 

& 

1872 

47 

6,482 

849 

41^337 

896 

47,819 

1873 

911 

107,795 

3,660 

226,641 

4,571  , 

334,436  I 

1874 

4,101 

366,189 

2,118 

118,133 

6,219 

484,322 

1875 

6,058 

475,168 

2,022 

86,143 

8,080 

561,311  ' 

1876 

5,449 

379,318 

1,509 

60,320 

6,958 

439,638 

1877 

7,230 

477,952 

824 

30,588 

8,054 

508.540 

1878 

6,085 

362,072 

1.125 

33.750 

7,210 

39.'>.S-2-_' 

1879 

5,107 

343,075 

814 

29.274 

5,921 

372..S4!t 

1880 

5,476 

440,615 

682 

30,722 

6,159 

471,337 

1881 

7.591 

686,511 

609 

37,492 

8,200 

724,003  1 

1882 

8,059 

800,571 

611 

32,890 

8,670 

833,461 

1883 

8,680 

802,867 

445 

21,685 

9,125 

824,552 

1884 

6,316 

506,726 

350 

•   14,861 

6,666 

521,587 

1885 

4,658 

390,458 

535 

25,168 

5,193 

415,626 

1886 

4,641 

449,303  1 

327 

18,350 

4,968 

467,653 

1887 

4,669 

509,009 

292 

16,411 

4,961 

525,42(1 

1888 

4,562 

569,182 

247 

13,314 

4,810 

582.496 

1889 

4,409 

403,111 

242 

12,060 

4,651 

415,171 

1890 

3,410 

317,117 

259 

12,724 

3,669 

329,841 

1891 

2,941 

261,769 

203 

9,643 

3,144 

271,412 

1892 

3,253 

301,541 

239 

12,573 

3,492 

314,114 

1893 

2,637 

223,139 

148 

6,604 

2,785 

229,743 

1894 

2,611 

179,445 

190 

7.752 

2,802 

187,197 

1895 

2,200 

136,080 

"' 

2,543 

2,277 

138,623 

Totals 

111,100 

9,495,495 

1 

18,378 

900,978 

1  129,776 

10,396,473 

Iron. — Important  deposits  of  iron  ore  are  found  in  close 
proximity  to  coal  and  limestone  in  various  parts  of  the  colony. 
The  ore  found  at  Mittagong,  in  the  southern  district,  contains 
'65  per  cent,  of  iron.  The  iron  ore  at  Wallerawang,  distant  105 
miles  from  Sydney,  consists  of  magnetite  and  brown  hematite, 
in  addition  to  which  there  are  beds  of  so-called  clay  bands  inter- 
stratified  in  the  Coal-measures.  These  clay  bands  are  not  impure 
carbonates,  but  brown  hsematites  containing  about  50  per  cent,  of 
iron.  Bands  of  highly  ferruginous  garnets  accompany  the  veins 
of  magnetite.  Deposits  of  red  and  brown  haematite  are  also  known 
in  numerous  other  localities,  although  they  are  practically  un- 
worked. 

The  Eskbank  Iron  Company,  who  have  established  works  at 
Lithgow,  95  miles  from  Sydney,  are  the  largest  manufacturers 
of  iron  in  the  colony.  These  works  are  connected  by  a  tramway 
with  the  Great  Western  Railway.  The  ores  treated  consisted  of  a 
clay  band  stone   averaging  40  per  cent,  of  iron,  a  brown  hcematite 
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yielding  50  per  cent,  of  metal,  and  a  siliceous  ore  containing  a 
somewhat  low  percentage  of  iron.  The  first,  which  crops  out  at 
the  surface,  varies  from  six  to  fifteen  inches  in  thickness,  the 
second  forms  a  bed  two  feet  thick,  while  the  thickness  of  the  third 
is  four  feet.  A  ten-feet  seam  of  splint  coal  crops  out  upon  this 
jjropert}^,  as  does  also  a  seam  of  refractory  clay,  from  which  fire- 
bricks are  manufactured.  The  make  during  the  year  1880 
amounted  to  1,200  tons  of  pig-iron  and  800  tons  of  bars  and  rails. 
In  1894  no  iron  was  smelted  in  the  colony,  the  Eskbank  "Works 
producing  2,368  tons  of  manufactured  iron  from  scrap.  A  little 
iron  ore  is  mined  for  flux  in  the  Broken  Hill  district. 

Lead. — The  only  lead  mines  worked  are  those  in  which 
argentiferous  lead  ores  are  raised,  and  these  have  already  been 
described  under  the  head  of  silver.  Native  lead  ^  seems  to  have 
been  found  in  one  or  two  places.  It  occurs  associated  with  serpen- 
tine on  spurs  of  the  Curangora. 

Antimony. — Stibnite  occurs  in  various  parts  of  New  South 
Wales,  and  during  the  year  1880  some  discoveries  of  that 
mineral  were  reported  to  have  been  made.  At  a  mine  opened 
near  Armidale  the  vein  varies  in  width  from  10  to  15  inches, 
and  the  ore  is  stated  to  yield  50  per  cent,  of  antimony,  and 
1  oz.  2  dwt.  of  gold  per  ton.  The  ore  from  another  mine  is  said 
to  yield  66  per  cent,  of  antimony.  Antimony  lodes  have  been 
discovered  at  Hargrave's  Falls  and  in  the  neighbourhood  of  Aber- 
foil.  Some  lodes  in  the  Macleay  district  have  been  worked,  while 
in  the  Bathurst  district,  pure  blocks  of  stibnite  occur,  but  without 
any  defined  lode.  The  antimonial  ores  on  the  Munga  Creek,  four 
miles  above  its  junction  with  the  Macleay  River,  occur  in  a 
quartzose  matrix  in  lodes  having  a  general  strike  between  north 
and  north-east ;  the  Victoria  reef  is,  however,  an  exception  in  this 
respect.  Antimony  and  antimony  ores  weighing  99  tons  19 
cwts.,  and  having  a  value  of  £1,652,  were  exported  during  the 
year  1880.  In  1894  ^  the  bulk  of  the  antimony  produced  came 
from  the  Hillgrove  district,  which  raised  632  tons ;  the  total 
amount  produced  in  that  year  was  1,230  tons,  valued  at  £18,744> 
The  total  production  of  the  colony  since  1871,  Avhen  it  seems  to 
have  been  first  mined,  was  9,820  tons,  valued  at  £174,314  up  to  the 
end  of  1894.  The  low  price  ruling  greatly  reduced  the  outjDut  in 
1895,  in  which  year  the  Hillgrove  district  raised  about  400  tons,, 
valued  at  £4,000. 

^  A.  Liversidge,  op.  cif.  p.  62. 

-  A)tniial  Report  of  the  Departmtnt  of  Mintf  for  1894,  p.  55. 
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Bismuth. — This  metal  occurs  iu  a  vein  8  inches  wide  at 
Silent  Grove,  and  also  in  the  Vegetable  Creek  district.  It  is 
likewise  worked  at  the  Elsmore  Mine  on  the  Mclntyre  River, 
near  Inverell,  and  in  the  vicinity  of  Glen  Innes.  Although 
bismuth  has  long  been  known  to  exist  in  the  latter  region, 
mining  for  this  metal,  as  an  industry,  was  not  commenced  until 
1880,  during  Avhich  year  4^  tons  of  ore  were  exported  from  the 
Kingsgate  Mine,  eighteen  miles  east  of  Glen  Innes.  The  lodes 
in  which  the  metal  is  found  vary  from  6  to  8  feet  in  width,  and 
have  an  east  and  west  bearing.  The  country  rock  is  granite  and 
the  veinstone  quartz,  from  which  masses  of  native  bismuth,  weigh- 
ing from  1  to  2  lb.,  are  sometimes  obtained.  In  1894  spasmodic 
work  was  still  being  carried  on  in  the  Glen  Innes  district,  9  tons 
of  mineral,  valued  at  £480,  having  been  obtained,  and  only 
2^  tons  in  1895. 

Platinum. — A  little  platinum  is  obtained  in  several  districts 
in  the  course  of  gold  washing.  The  chief  localitv  is  the  Fifield 
gold-field, 1  where  about  1,000  ounces,  valued  at  23s.  per  oz.,  were 
obtained  in  1894.  It  has  also  been  found  in  the  sands  of  the 
Aberfoil  river,  and  in  various  other  places,  amongst  them  being 
the  sea  beach  between  the  Richmond  and  Clarence  rivers. 

A  nugget  weighing  268  grains  is  said  to  have  been  found  in 
the  bed  of  Wiseman's  Creek  near  Oberon.  Near  Broken  Hill 
platinum  is  found  in  ironstone,  ferruginous  claystone  and  decom- 
posed gneiss,  but  these  deposits  have  not  been  as  yet  worked  com- 
mercially with  success,  nor  is  the  mode  of  occurrence  in  them  o-f 
the  j^latinum  known  with  any  exactitude. 

At  Fifield  alluvial  platinum  occurs  with  alluvial  gold  in  the 
gravel  of  an  ancient  watercourse ;  the  wash-dirt  has  yielded  from  5 
to  12  dwt.  of  crude  platinum  (containing  about  75  per  cent,  of 
metal)  and  from  1  to  3  dwt.  of  gold  to  the  load,  the  total  money 
value  of  the  dirt  thus  varying  from  9s.  to  37s.  per  load.  M. 
Jaquet  considers  this  lead  as  having  been  produced  by  the  natural 
reconcentration  of  a  bed  of  conglomerate  of  probably  Tertiary  age. 
Up  to  the  time  of  writing  (the  beginning  of  1896)  this  small  lead 
had  produced  some  1,200  ounces  of  crude  platinum. 

Chromium. — Chrome  iron  ore  has  been  found  in  a  great 
many  localities  associated,  as  is  always  the  case,  with  serpentine  or 
serpentinous  rocks.  It  was  not,  however,  worked  commercially 
until   1894,  when  several   large  deposits   in  the  Gundagai  district 

J.  B.  Jaquet,  "The  Occui-rence  of  Platinum  in  New  Soutli  Wales,"  Record-i 
<:tol.  Survey  of  X.S.  W.  v.  1896,  pt.  i.  p.  33. 
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were  opened  up,  and  3,034  tons,  valued  at  £12,336,  were  pro- 
duced; in  1805  the  output  was  5,500  tons,  valued  at  about 
£20,000. 

Mercury. — Cinnabar  has  been  found  in  several  localities. 
Mr.  J.  E.  Came  ^  reports  its  occurrence  close  to  the  Clarence  River 
near  Lionsville,  where  it  is  found  impregnating  dykes  of  felsite 
and  hornblendic  granite ;  serpentine  is  largely  developed  in  the 
immediate  neighbourhood,  and  the  deposits  have  nowhere  been 
traced  into  the  sedimentary  rock  of  the  district,  which  consists  of 
altered  Devonian  slate.  The  cinnabar  seems  to  have  been  brought 
in  solution  through  fissures  in  the  igneous  rock,  and  to  have  been 
partly  deposited  in  these,  and  partly  by  metasomasis  in  the  igneous 
rock  itself.  Too  little  work  has  yet  been  done  to  be  able  to  form 
any  idea  of  the  importance  of  this  deposit. 

Other  Metals. — Amongst  these  may  be  mentioned  ores  of 
cobalt,  nickel,  manganese,  and  tungsten,  all  of  which  are  known  to 
exist,  and  are  sometimes  worked  on  an  insignificant  scale. 

The  following  table  -  shows  the  production  of  metalliferous 
minerals  in  the  colony  during  the  year  1895  : — 

Quantities  and  Values  of  Metalliferous  Minerals  or  Metals   produced 
IN  New  South  Wales  during  the  Year  1895. 


Mineral  or  Metal. 


Weight. 


(iold 

Silver 

Tin 

Copper    

Iron  (from  scrap)  .    .    .    . 

Antimony 

Silver-lead  and  ores     .    . 

Manganese 

Oxide  of  iron  and  pig-iron 

Chrome 

Pig  lead  


360,165  oz. 
550,142  ,, 
2,276  tons 
3,851 
2,403 
9,479 
219,881 
3 
1.52 
4,229 
'  20 


Value. 


£ 
1,315,929 

81,858 

138,623 

140,885 

15,620 

7,251 

1,560,813 

10 

348 

13,048 

197 


Queensland. 

This,  the  most  recently  organised  of  the  Australian  possessions, 
was  separated  from  New  South  Wales  in  1859.  Its  most  im- 
portant metalliferous  productions  are  gold   and   tinstone,  but,  in 


^  "  Discovery  of  Mercurj^  near  Lionsville,"  Miv.  Jour.  1896,  p.  519. 
Report  of  the  Department  of  Mines  for  1895,  p.  141. 

^  Annual  Rejwrt  of  the  Department  of  Mines  for  1895,  j).  14. 
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addition  to  these,  Queensland  has,  in   the  aggregate,  yielded  con- 
siderable quantities  of  copper  ore. 

Gold. — The  gold-fields  of  the  colony,  which  are  grouped  in 
three  divisions,  namely,  the  Northern,  the  Central,  and  the 
Southern,  exceed  twenty  in  number,  but,  with  few  exceptions, 
exhibit,  generally  speaking,  no  peculiarities  differing  from  those 
which  have  been  already  described  under  the  heads  of  Victoria  and 
New  South  Wales.  Mr,  Daintree  has  called  attention  to  tlje  fact 
that,  although  a  large  area  of  Devonian  rocks  exists  in  Queensland, 
and  numbers  of  the  gold-fields  of  the  colony  are  situated  in 
Devonian  areas,  payable  gold  is  under  such  circumstances  only 
found  where  the  rocks  have  been  penetrated  by  eruptive  dykes 
Avhich  mostly  consist  of  pyritous  diorites.  On  the  Broken  river 
and  its  tributaries,  an  area  having  a  breadth  of  thirty  miles  with  a 
length  of  sixty  miles  is  occupied  with  a  persistent  outcrop  of 
Devonian  strata,  in  which  gold  has  in  no  case  been  discovered  in 
remunerative  quantities  except  in  a  small  gully  leading  fi'om  a 
ridge  where  a  trap  dyke  has  penetrated  the  Palaeozoic  rocks. 
Various  districts,  however,  where  Devonian  rocks  prevail  have 
at  different  times  been  centres  of  gold-raining  enterprise,  but,  as 
far  as  is  yet  known,  the  country  has,  in  every  case,  been  traversed 
by  dykes  of  diorite,  diabase  or  porphyrite.  Tufaceous  representa- 
tives of  each  of  these  rocks  are  sometimes  also  found  inter- 
stratified  with  the  upper  portion  of  the  same  formation,  and 
occasionally  also  throughout  the  other  beds. 

At  Gyrapie,  one  of  the  richest  quartz-mining  districts  in  the 
colony,  the  auriferous  area  is  confined  either  to  veins  traversing  a 
crystalline  diorite,  or  within  a  certain  limit  of  its  boundary  marked 
by  the  presence  of  fossiliferous  diabase  tuffs. ^ 

At  one  of  the  diggings  near  Peak  Downs,  water-worn  gold 
occurs  in  a  Carboniferous  conglomerate  containing  GlossoiAeris^ 
resting  upon  an  underlying  conformable  shale  abounding  in  the 
same  fossil.  Mr.  Daintree  was  of  opinion  that  the  only  reason  that 
water-worn  gold  has  not  been  more  frequently  found  under  similar 
conditions,  is  explained  by  the  fact  that  marine  and  lacustrine 
deposits,  such  as  the  Carboniferous  as  well  as  all  the  Mesozoic  and 
older  Cainozoic  strata  of  the  continent,  are  chiefly  built  up  of 
sediments  which  have  not  been  derived  from  the  rocks  on  which 
they  rest.  Only  beaches  or  locally  filled  fjords  of  Carboniferous  or 
Mesozoic  sea-coast,  where  auriferous  reefs  have  cropped  out  and 

^  R.  Daintree,  "  Notes  on  the  Geology  of  the  Colony  of  Queensland,"  Quart. 
Jonr.  GeoJ.  Soc.  xxviii.  1872,  p.  292. 
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have  had  a  chance  of  extensive  abrasion,  would,  he  considered,  be 
likely  to  contain  drifted  gold.i 

A  large  proportion  of  the  gold  obtained  from  Queensland  was 
formerly  derived  from  shallow  alluvial  workings,  some  of  which 
are  mere  washings  of  the  gravels  found  in  river-beds,  which  are 
collected  from  holes  and  crannies  on  the  surface  of  the  bed-rock. 
Althouo-h  a  great  volcanic  outburst,  which  is  regarded  as  being 
contemporaneous  with  the  upper  volcanic  series  of  Victoria,  has 
overspread  enormous  areas  with  basaltic  lavas,  the  working  of  deep 
leads  below  such  flows  is  not  extensively  prosecuted.  Quartz 
mining  is,  however,  carried  on  with  considerable  activity,  and  the 
quartz  treated  is  markedly  richer  than  that  of  Victoria. 

In  the  year  1880  the  average  yield  of  the  116,418  tons  of  auri- 
ferous quartz  treated  amounted  to  1  oz.  11  dwt.  12  gr.  of  gold 
per  ton;  the  aggregate  area  of  the  gold-fields  was  estimated  at 
15,725  square  miles  ;  and  1,578  distinct  quartz  lodes  had  been 
proved  to  be  auriferous.  In  1894  there  were  crushed  539,886  tons 
of  quartz  producing  653,573  oz.  of  gold,  being  at  the  rate  of 
1  oz.  4  dwt.  5  gr.  per  ton.  Many  of  the  quartz  veins  when 
enclosed  in  sedimentary  rocks  traverse  the  planes  of  bedding  at 
considerable  angles,  and  are,  therefore,  entitled  to  be  regarded  as 
true  veins. 

From  a  report  on  the  mineral  resources  of  the  district  between 
-the  Charters  Towers  gold-fields  and  the  coast,  published  in  1879,^ 
we  learn  that  gold  in  small  quantities  has  been  found  in  the  gravel 
of  the  rivers  on  the  coast  side  of  the  range.  Areas  occupied  by 
recent  alluvial  deposits  are  met  with  at  Brennan's  Creek  and 
Mossman's  Creek,  and  another  extends  for  some  distance  along 
Sandy  Creek.  Some  narrow  strips  of  alluvium  on  creeks  to  the 
south  of  Charters  Towers  have  yielded  considerable  quantities  of 
gold,  but  the  narrow  alluvial  flats  on  many  of  the  small  streams 
have  been  almost  completely  worked  out.  Some  of  the  tributaries 
■of  the  Little  Star  river,  more  esj)ecially  that  known  as  Dry  or 
Scrubby  Creek,  have  for  many  years  attracted  a  few  miners,  whose 
desultory  labours  have  been  on  the  whole  fairly  rewarded. 
The  drift  of  the  Little  Red  Bluff  and  the  deep  lead  in  connection 
with  it  have  been  repeatedly  tried  for  gold,  but  with  very  in- 
different success,  although  the  number  of  shafts  sunk  in  the  basalt 

1  "Note  on  certain  Modes  of  Occui'rence  of  C4old  in  Australia,"  Quart.  Jour. 
Geol.  Soc.  xxxiv.  1878,  p.  431. 

2  Robert  L.  Jack,  Report  on  the  Geology  and  Mineral  Resources  of  the  District 
between  Charters  Towers  Gold-fields  and  the  Coast,  Brisbane,  1879. 
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sufficiently  attests  the  earnestness  with  which  the  w^ork  was  formerly 
carried  on. 

From  an  examination  of  the  shafts  which  remained  open  at  the 
time  of  his  visit,  Mr,  Jack  arrived  at  the  conclusion  that  but  few  of 
them  had  reached  the  true  bottom.  The  deep  lead  to  the  sovith- 
east  of  Millchester  employed  the  labour  of  a  considerable  number 
of  diggers  in  the  year  1872,  when  a  good  many  made  considerable 
profits.  Mr.  Jack  considers  that  in  this  district,  generally,  it  would, 
in  the  first  instance,  be  prudent  to  confine  operations  to  leads  in 
the  vicinity  of  known  auriferous  reefs ;  and,  for  the  benefit  of  in- 
tending explorers,  quotes  Daintree's  observation,  that  it  is  doubtful 
if  any  marine  or  extensive  lacustrine  beds,  except  on  their  shingle 
margins,  have  produced  or  are  ever  likely  to  produce  remunerative 
workings  of  free  gold,  for  the  simple  reason  that  the  majority  of  the 
sediments  of  which  they  are  composed  are  derived  from  formations 
the  greater  part  of  which  were  non-auriferous. 

Over  the  whole  of  the  Pre-Devonian  metamorphic  area,  quartz 
reefs  are  numerous  and  the  soil  is  strewn  with  quartz  fragments; 
from  which  it  is  probable  that  some  of  the  gold  may  have  found 
its  way  into  the  various  streams.  Numerous  dykes  of  dioritc  occur 
throughout  the  district,  and  copper  and  tin  ores  in  considerable 
quantities  have  been  obtained  from  the  district  north  of  the 
Burdekin. 

The  rich  gold-field  of  Charters  Towers  occupies  the  western 
edge  of  an  area  of  ordinary  and  syenitic  granite,  bordering  on  the 
little  altered  slates  and  grits  of  the  Sandy  Creek  district.  It  is 
only  when  the  reefs  of  this  district  are  laid  down  upon  a  map  that 
any  idea  can  be  formed  of  their  general  mode  of  arrangement. 
They  are  then  found  to  diverge  like  rays,  from  a  common  centre 
to  which  they  do  not  extend,  and  as  there  is  a  break  of  some  35 
in  the  circle,  which  commences  about  10"  east  of  north,  a  sort  of 
horseshoe-shaped  figure  is  the  result.  The  lodes  thus  radially 
disposed,  when  seen  from  near  the  point  towards  which  they 
converge,  dip  in  the  eastern  half  of  the  circle,  for  the  most  part 
to  the  left,  while  in  the  other  half  their  inclination  is  usually  to 
the  right  of  the  observer. 

A  large  proportion  of  the  reefs  in  the  Charters  Towers  district 
are  enclosed  in  granite,  but  they  also  sometimes  occur  in  porphyry. 
The  veinstone  is  principally  quartz,  containing  iron  pyrites  and 
pyrrhotine,  both  of  which  are  auriferous,  but  more  particularly  the 
latter ;  pyrites  containing  gold  is  also  present  in  the  clay  selvages 
of  some  of  the  veins,  but  the  amount  is  usually  not  sufficient  to 
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leave  a  profit  on  the  process  of  extraction.  As  long  ago  as  the 
year  1879  some  of  the  quartz  mines  in  this  district  had  already 
attained  a  depth  exceeding  eighty  fathoms. 

In  the  year  1894  there  were  2,115  men^  at  work  in  89  mines 
in  this  field  ;  they  raised  224,924  tons  of  quartz  which  yielded 
241,676  ounces  of  gold.  The  following  table  shows  the  returns  of 
the  principal  mines  : — 


Name  of  mine. 

Men 
employed. 

Stone 
raised. 

Gold 

got. 

Dividends 
paid. 

Mills  Day  Dawn  United    .    . 

Brilliant 

Brilliant  Block 

Brilliant  and  St.  Geoi'ge    .    . 
Victoria 

Number. 
.    .         290 
200 
.    .         130 

8n 
.    .           76 

Toii.s. 

48,240 

32,725 

22,640 

10,656 

7,666 

7,759 

6,808 

3,862 

Oz. 
56,101 
33,347 
23,073 
17,599 
13,245 
10,446 
9,810 
8,090 

£ 
101,250 
43,166 
36,250 
33,000 
21,600 
7,972 
11,250 
15,800 

New  Queen 

.    .  ':       110 

Brilliant  Central .  ^ 

Kelly's  Queen  Block  .... 

.    .            51 

.    .           40 

Deep  mining  is  the  rule  on  this  field,  there  being  many  shafts 
over  1,000  feet  in  depth ;  the  deepest  in  1S94  Avere  those  of  the 
New  Brilliant  Extended,  2,027  feet  (vertical),  Day  Dawn  Block 
and  Wyndham,  2,984  feet  (underlie),  Mosman  1,576  feet  (vertical), 
and  Victoria  1,502  feet  (vertical).  The  amount  of  gold  yielded 
by  this  whole  gold-field  was  251,042  ounces  from  231,687  tons  of 
stone.    In  1895  ^  it  was  251,577  ounces  from  249,520  tons  of  stone. 

The  gold-field  next  in  importance  is  that  of  Rockharapton, 
which  produced  123,489  ounces  of  gold  from  78,121  tons  of  stone 
in  1894,  as  a  result  of  the  labours  of  1,350  miners.  Although 
there  are  numerous  small  mines  and  a  good  deal  of  alluvial  is 
worked,  this  is  emphatically  a  one-mine  gold-field.  Out  of  the 
above  totals,  the  famous  Mount  Morgan  Mine  raised  75,798  tons  of 
stone,  got  109,668  ounces  of  gold,  and  employed  about  1,000  men, 
whilst  no  one  other  mine  produced  500  ounces. 

The  Mount  Morgan  Mine  is  in  many  respects  one  of  the  most 
wonderful  gold  mines  of  the  world.  As  shown  by  a  very  complete 
series  of  plans  issued  with  the  report  of  the  directors  in  1894,  it 
consists  of  a  low  hill  some  400  feet  in  height,  which  has  been 
worked  open-cast  down  to  a  depth  of  158  feet  below  the  summit, 
the  area  of  the  open-cast  in  that  year  being  about  700  feet  by  300 
feet.  The  upper  part  of  the  deposit  consisted  chiefly  of  a  siliceous 
1  Annual  Report  of  the  Under-Secretary  for  Mines  for  1894,  p.  39. 
'  General  Be}mrt  on  the  Minimj  Indmtry  of  Queensland  ^r  1895,  p  10. 
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hsematite,  at  times  showino;  coarse  visible  Qoki,  but  more  often 
-carrying  it  in  a  finely  divided  state  ;  much  of  the  ore  was  of 
a  loose  cavernous  structure,  with  quartz  sinter  and  quartz 
stalactites  occurring  in  hollows.  Lower  down  masses  of  auriferous 
pyritic  ore  were  met  with.  As  shown  in  the  above-mentioned 
plans,  the  bulk  of  the  ore  mass  is  nearly  surrounded  by  dykes  of 
■coarse  dolerite,  whilst  at  the  lower  levels  highly  altered  serpentine 
is  met  with,  togetlier  with  felspathic  rocks  and  quartzite  highly 
charged  with  pyrites.  From  the  returns  made,  shown  in  the  table 
below,  it  seems  that  the  surface  ore  was  very  rich,  carrying  about 
3  ounces  of  gold  to  the  ton;  below  this  came  a  zone  of  enrichment, 
when  some  of  the  ore  must  have  yielded  about  double  this  amount, 
till  with  increasing  depth  the  yield  has  fallen  to  little  over  \\ 
•ounces  to  the  ton,  which  may  be  called  its  normal  richness. 

There  have  been  various  theories  put  forward  to  explain  the 
mode  of  formation  of  this  deposit,  but  not  one  of  these  can  be 
looked  upon  as  wholly  satisfactory.  Mr.  R.  L.  Jack,  Government 
geologist,  looks  upon  this  as  a  geyser  deposit,  basing  his  opinion 
upon  the  spongy  condition  of  the  ore,  and  upon  the  fact  that  much 
■of  the  silica  is  combined  with  water.  Another  theory  that  has 
•obtained  much  currency  is  that  the  mass  was  the  gossan  of  a  large 
body  of  pyritous  ore,  occurring  at  a  lower  level.  Messrs.  C.  S. 
Wilkinson  ^  and  T.  A.  Rickard  ^  incline  to  consider  the  deposit  as 
being  in  the  main  a  secondary  one.  The  former  describes  the 
country  rocks  as  being  highly  metamorphosed  stratified  rocks  of 
Permo-Carboniferous  age,  containing  iron  pyrites,  disseminated  and 
in  small  masses;  they  are  pierced  by  intrusions  of  hornblendic 
granite  and  porphyritic  dolerite,  the  former  being  the  older,  and 
the  deposition  of  the  pyrites  being  associated  with  its  intrusion. 
Subsequently,  as  water  passed  through  the  pyritous  strata  in  the 
neighbourhood  of  these  dykes,  the  dolerite  became  kaolinised,  and 
the  pyrites  decomposed,  the  gold  in  it  being  dissolved  and  re- 
deposited  along  wath  the  oxide  of  iron  produced  from  the  solution 
•of  the  pyrites. 

Mr.  Rickard's  explanation  is  less  precise,  but  he  too  seems  to 
•consider  that  the  deposition  was  connected  with  the  intrusion  of 
the  io-neous  rocks,  and  that  after  its  formation,  later  rock  movements 
•caused  the  circulation  of  fresh  mineral-bearing  solutions.  So  far 
Mr.  Wilkinson's  theory  seems  the  most  reasonable,  but  it  is  not  quite 

1  "Notes   on   a   Collection    of   Rocks   and   Minerals   from   Blount  Morgan," 
Records  GeoL  Survey  of  X.S.  W.  1891,  ii.  p.  86. 

2  "The  Mount  Morgan  Mine,"  Trans.  Amer.  lust.  Min.  Eng.  xx.  1891,  p.  1.33. 
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clear  why  he  should  infer  that  the  payable  ore  is  confined  to  the 
oxidised  region.  It  is  surely  possible,  to  say  the  least  of  it,  that 
the  jDyritic  ore  may  prove  to  be  payable  ;  no  doubt  a  zone  of 
concentration  exists  in  the  oxidised  gossany  material,  but  this  is 
so  rich  that  it  is  still  possible  that  the  pyrites,  though  poorer,  may 
yet  be  rich  enough  to  admit  of  profitable  working.  This  point 
can,  however,  only  be  settled  by  actual  explorations. 

The  following  are  the  results  obtained  by  the  Mount  Morgan, 
Gold  Mining  Company,  Limited,  since  its  inception  : — 


Half-year  ending 


Nov. 
May 
Nov. 
May 
Nov. 
Maj- 
Nov. 
May 
Nov. 
May 
Nov. 
May 
Nov. 
May 
Nov. 
May 
Nov. 
May 


30th, 
31st, 
30tli, 
31st, 
30th, 
31st, 
30th, 
31st, 
30th, 
31st, 
30th, 
31st, 
30th, 
31st, 
30th, 
31st, 
30th, 
31st, 


1886 
1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 


Totals 


Ore  treated. 

Gold  got. 

Ave 
] 

rage  yield 
ler  ton. 

Tons. 

Oz. 

Oz. 

dwt 

gr. 

6,440 

19,476 

3 

0 

11 

6,631 

38,551 

5 

16 

16 

8,740 

45,154 

5 

3 

7 

8,501 

45,469 

o 

6 

23 

12,600 

66,805 

5 

6 

0 

36,676 

168,386 

4 

11 

19 

38,416 

155,157 

4 

0 

18 

37,799 

103,793 

2 

14 

22 

37,848 

113,252 

2 

19 

20 

36,893 

88,33(» 

2 

17 

21 

30,359 

63,323 

2 

1 

17 

29,430 

60,974 

2 

1 

10 

29,966 

59,490 

19 

16 

32,224 

60,420 

17 

12 

30,703 

60,760 

19 

13 

34,373 

57,871 

13 

15 

40,152 

61,573 

10 

16 

42,296 

62,231 
1,331,015 

9 

10 

500,047 

2 

13 

5 

The  total  value  of  the  gold  thus  obtained  is  close  upon 
£5,500,000,  whilst  £3,800,000  have  been  paid  out  in  dividends.  ^ 

In  1895  -  this  gold-field  was  split  up  into  the  Eockhampton 
and  the  Crocodile  gold-fields,  the  latter  consisting  of  little  except 
the  Mount  Morgan.  The  outputs  of  these  fields  are  given  as 
1,-ilG  tons  of  stone  producing  1,431  ounces  of  gold,  and  88,578 
tons  of  ore  yielding  133,137  ounces  respectively  during  that  year. 

The  next  most  important  gold-fields  are  those  of  Gympie,. 
which  produced  in  1894  a  total  of  111,168  ounces,  of  which 
110,595  ounces  were   reef  gold    and    the    balance    alluvial.     The- 

1  Report  of  the  Directors,  30th  July,  1895. 

-  General  Report  on  the  Mininy  Industry  of  Queensland  for  1895,  p.  12. 
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total   number  of  miners  employed  was  1,394.     The  following  are 
the  results  obtained  by  some  of  the  leading  mines: — 


Name  of  mine. 

St 

one  crushed. 

Gold  got 

Tons. 

Ounces. 

The  Phoenix  .     .     . 

12,533     .     . 

.     .     28,606 

North  Smithfield    . 

6,596     .     . 

.     .     16,957 

North  Glenmire  .     . 

8,019     .     . 

.     .     12,066 

Phoenix  Golden  Pile 

, 

4,235     .     . 

.     .     13,914 

There  are  a  large  number  of  good  mines  in  this  field,  and  the 
quartz  veins  seem  to  go  down  and  to  be  rich  in  depth.  In  1895  ''■ 
the  output  was  only  78,026  ounces. 

The  last  of  the  important  gold-fields  may  be  said  to  be  the 
Croydon.  In  this  field  a  total  quantity  of  81,208  ounces  was 
obtained  in  1894,  the  whole  apparently  from  quartz  mining,  there 
being  968  miners  at  work.  The  above  amount  of  gold  was  got 
from  the  treatment  of  47,791  tons  of  quartz,  which  yielded  72,136 
ounces,  or  at  the  rate  of  1  oz.  10  dwt.  4  gr.  per  ton,  and  11,646 
tons  of  tailings,  which  gave  9,072  ounces  of  gold  when  treated  by 
the  cyanide  process.  In  1895  there  were  40,026  tons  of  quartz  put 
through,  yielding  55,546  ounces  of  gold.  Scarcity  of  water  is 
assigned  as  the  cause  of  the  diminished  output.^ 

The  following  tables,  compiled  from  official  sources,  show  the 
weight  and  value  of  the  gold  exported  from  Queensland  from  the 
beginning  of  1861  to  the  close  of  the  year  1895  : — 

Table  showing  the  Weight  and  Value  of  Gold,  the  Produce  of  the 
Colony,  Exported  from  Queexslaxd  during  the  Years  1861  to  1876 
inclusive. 


1 

Tear. 

Quantity. 

Value. 

Year. 

Quantity. 

Value. 

Oz.          1 

£ 

Oz. 

£ 

1861 

1,077 

3,928 

1869 

138,221 

523,045 

1862 

189     ! 

625 

1870 

136,773 

489,539 

186.3 

3,936 

14,802 

1871 

171,937 

616,907 

1864 

22,037 

83,292 

1872 

186,019 

660,396 

1865 

25,3.39 

92,938 

1873 

194,895 

717,540 

1866 

22,916 

85,561 

1874 

375,587 

1,356,071 

1867 

49,092 

189,248 

1875 

391,515 

1,498,433 

1868 

165,801 

593,516 

1876 

374,776 

1,427,929 

Totals 

2,260,110 

8,353,770 

^  General  Beport  on  the  Mininrj  Industry  of  Queensland  for  1895,  p.  13. 
2  Ibid.  p.  16. 
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Table^shovving  the  Weights  op  Alluvial   and  Reef  Gold    produced  in 
Queensland  during  the  Years  1877  to  1895  inclusive.  ^ 


The  value  of  this  total  at  £3  10s.  per  ounce  is  £36,955,118."^ 
Copper. — We  are  ^\  itliout  detailed  information  relative  to  the 
mode  of  occurrence  of  copper  ores  in  Queensland,  but  the  range  of 
this  metal  in  the  colony  is  very  considerable,  extending  as  it  does 
from  West  Moreton  on  the  south  up  to  the  Cape  York  country 
in  the  north  ;  and  from  the  seaboard  on  the  east  far  back  into 
the  western  regions.  Among  the  known  localities  which  have 
produced  copper  the  following  may  be  mentioned,  namely  : — Peak 
Downs,  Mount  Perry,  Copperficld,  Mount  Norma,  Glen  Prairie, 
Cloncurry,  Kroombit,  Edina,  Cressbrook,  Kennedy,  Rawbelle, 
Mount  Flora,  Mount  Orange,  Mount  Greentop,  Charters  Towers, 
Drummond,  Boolboonda,  Mount  Harpur,  Mount  Gotthard,  Elian- 
dale,  Great  Blackall,  Mount  Clara,  Teebar,  Munna,  Wolca, 
Normandy,  &c.^ 

At  the  Peak  Mine  igneous  and  metamorphic  rocks  predominate, 
the  Peaks  giving  the  name  to  the  locality  being  entirely  com- 
posed of  partially  decomposed  trachyte.     An  amygdaloidal  dolerite 

1  Annual  Report  of  the  Under-Secretary  for  Mines  1895,  p.  22. 

*  General  Report  on  the  Mining  Industry  of  Queensland  for  1895,  p.  6. 

^  James  Bonwick,  Resources  of  Queensland,  p.  104,  London,  1882. 
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sometimes  contains  patches  of  copper  ore,  and  some  of  the 
cupriferous  traps  are  said  to  very  closely  resemble  those  of  the  Lake 
Superior  copper  mines.  As  early  as  1870,  29,168  tons  of  20  per 
cent,  copper  ores  had  been  raised  from  this  property.  About  that 
period  a  lode  two  feet  in  width,  running  east  and  west,  was  cut  at  a 
depth  of  forty  fathoms  from  the  surface  and  traced  for  a  distance  of 
250  fathoms.  This  discovery  was  followed  in  1873  by  that  of  another 
lode  containing  large  quantities  of  black  oxide  of  copper.  In  five 
years  the  dividends,  on  a  nominal  capital  of  £100,000,  reached  the 
sum  of  £215,250,  besides  which  £53,577  had  been  written  off  the 
value  of  the  mine.  The  company  had,  however,  subsequently,  to 
contend  with  very  serious  difficulties ;  the  land  transport  to  the  place 
of  shipment  was  over  250  miles,  and  miners'  wages  ranged  from  three 
to  four  pounds  per  week.  A  decline  either  in  the  shipment  of  ore 
or  in  the  price  of  copper,  consequently,  very  seriously  affected  the 
undertaking,  which  was  eventually  closed.  A  mine  has  been 
worked  at  Mount  Perry  upon  nearly  vertical  veins  enclosed  in 
granite,  to  a  depth  of  800  feet,  but  the  position  of  the  locality  with 
respect  to  the  port  of  shipment  renders  the  transport  of  ores  very 
expensive. 

Very  large  quantities  of  copper  ore  occur  in  Palaeozoic  rocks  at 
Cloncurry  ;  many  rich  lodes  are  known,  distributed  over  a  radius 
of  about  100  miles,  the  most  important  being  those  worked  by  the 
Great  Australian  Copper  Company,  which  was  at  one  time  working 
on  an  extensive  scale.  The  district  is  however  unfavourably  situated 
with  regard  to  transport,  being  on  the  western  side  of  the  main 
dividing  range  and  500  miles  from  the  shipping  port  of  Townsville. 
This  fact  and  the  low  prices  recently  ruling  have  practically  closed 
the  mines  of  this  locality. 

At  the  Kennedy  Copper  Mine,  near  Sandy  Creek,  west  of  the 
Star  River,  the  lode  shows  a  large  outcrop  in  porphyry,  and 
courses  about  35'  east  of  north.  At  the  Great  Northern  Copper 
Mine,  in  the  Upper  Star  basin,  a  lode  occurs  in  clay  slate  between 
two  masses  of  granite.  In  1880  only  three  copper  mines  were 
working  in  the  colony.  Most  of  the  copper  ore  got  in  1894 
came  from  the  Herberfcon  district,  part  from  the  neighbour- 
hood of  Watsonville,  and  part  from  a  new  township  that  has 
been  called  Calcifer,  where  the  Irvinebauk  Company  has  several 
mines,  whose  product  in  that  year  was  200  tons  of  smelted 
copper. 

The  copper  output  has  now  fallen  very  low,  although  it  shows 
a    slight   improvement   on   the    immediately  preceding  years,  as 
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appears  from  the  following  table^  of  the  amounts  and  values  of  the 
copper-ore  production  of  Queensland. 

QUAXTITIES   AXD    VALUES   OF   CoPPER   OrE   PRODUCED    IN   QUEENSLAND   SINCE 

THE  Year  1860. 


Year. 

Copper  ore. 

Value. 

Year. 

Copper  ore. 

Value. 

Tons. 

£ 

Tons. 

£ 

186(» 

1 

50 

1878 

547 

35,126 

1861 

49 

1,450 

1879 

567 

34,791  ' 

1862 

268 

10,332 

1880 

326 

20,137  i 

1863 

1,100 

30,000 

1881 

331 

19,637 

1864 

2,000 

60,000 

1882 

1,724 

14,982 

186."> 

721 

58,440 

1883 

1,800 

21,080 

186(5 

.3,168 

91,872 

1884 

1,653 

30,872 

1867 

6,140 

84,200 

1885 

1,34(1 

18,920 

1868 

9,033 

73,020 

1    1886  . 

90C» 

7,000  i 

186!) 

6,310 

76,230 

!    1887 

1,010 

7,600  ] 

1870 

1,335 

80,795 

1888 

1,126 

9,248  ! 

1871 

2,490 

174,300 

1889 

1,079 

12,000 

1872 

2,448 

196,000 

1890 

185 

3,000  i 

1873 

2,441 

185,808 

1891 

98 

865 

1874 

2,228 

164,040 

1892 

81 

2,461 

187.-) 

1,674 

121,980 

1893 

297 

3,822 

1876 

2,105 

147,000 

1894 

415 

9,582 

1877 

Total 

1,959 

167,337 

1895 

434 

13,097 

s 

59,420 

1,987,074 

Tin. — Mr.  T.  F.  Gregory  was,  in  July  1(S72,  sent  to  report  upon 
the  tin-fields  at  the  Severn  River,  in  the  district  of  Darling  Downs 
South.-  He  describes  the  stanniferous  area  of  Queensland,  as 
far  as  was  then  known,  as  being  comprised  within  the  following 
limits.  "  Commencing  on  the  main  dividing  range  between  the 
eastern  and  the  western  waters  at  Lucky  Valley  Gold-fields,  near 
the  head  of  the  Condamine  River,  the  northern  boundary  extends 
ill  a  west-south-westerly  direction  for  about  twenty-five  miles, 
passing  fifteen  miles  south  of  the  town  of  Warwick  to  the  head 
of  Pike's  Creek  on  the  Piked  ale  Run ;  from  this  point  it  is 
bounded  by  a  slightly  curved  line  extending  south  about  twenty 
miles  to  the  Severn  River,  three  miles  below  the  Ballandean  Head 
Station,  where  it  trends  south-east  for  twelve  miles  further,  meeting 
the  boundary  of  New  South  Wales  at  the  Tenterfield  Run ;  thence 
the  crest  of  the  watershed  which  forms  the  boundary  between  the 
two  colonies  embraces  it  in  a  north-easterly  and  easterly  direction, 

^  Annual  Report  of  the  Under-Secretary  for  Mlnc-^for  1895,  p.  34. 
2  Quart.  Jour.  Geol.  Soc.  xxix.  1873,  p.  1. 
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back  to  Lucky  Valley,  the  area  comprised  being,  in  round 
numbers,  five  hundred  and  fifty  square  miles  in  extent.  Of  this 
area,  however,  only  about  two  hundred  and  twenty-five  square 
miles  have  hitherto  been  found  sufficiently  rich  in  tin  ore  to  pay 
for  working." 

The  physical  and  geological  character  of  the  whole  of  the 
area  described  is  that  of  an  elevated  granitic  table-land  intersected 
by  ranges  of  abrupt  hills,  the  highest  of  which  are  about  three 
thousand  feet  above  the  sea  level ;  its  eastern  escarpment  forms 
the  watershed  of  the  Clarence  River,  the  northern  that  of  the 
Condamine  and  the  south-western  that  of  the  Severn  and  Mclntyre 
Rivers.  The  richest  deposits  have  been  found  in  stream  beds  and 
in  fluviatile  flats  on  their  banks,  the  productive  ground  varying  from 
a  few  yards  to  five  chains  in  width,  but  occasionally  broken  by 
rocky  bars.  In  such  cases  large  deposits  are  frequently  lodged  in 
the  spaces  existing  between  the  various  granitic  boulders.  The 
acrorreaate  lensjth  of  these  stanniferous  bands  was  estimated  by 
Mr.  Gregory  at  about  one  hundred  and  forty  miles  on  the  Severn 
River,  and  about  thirty  more  on  the  tributaries  of  Pike's  Creek. 
At  the  date  of  Mr.  Gregory's  report,  the  tin  lodes  which  had  been 
discovered  had  been  but  very  imperfectly  tested. 

The  discoveries  of  tin  ore  made  about  the  end  of  1879  and 
the  beginninff  of  1880,  in  the  Wild  River  and  Great  Western 
districts,  entirely  eclipsed  all  the  previous  ones.  The  Herberton 
Tin  Mines  are  situated  on  the  slopes  and  crests  of  spurs  from 
a  great  granitic  mountain  range,  which  runs  nearly  north  and 
south  at  a  distance  varying  from  forty  to  fifty  miles  from  the  coast. 
The  tin  claims  are  chiefly  on  the  slopes  of  the  mountains,  which, 
at  a  distance  of  less  than  a  mile,  entirely  surround  the  town.  The 
summit  of  the  range  is  on  an  average  from  six  to  seven  hundred 
feet  above  the  level  of  the  Wild  River, 

According  to  the  Rev,  J.  E.  Tenison-Woods,^  the  workings  are 
of  three  kinds  : — 

First,  those  in  which  the  tin  ore  has  been  scattered  on  the 
surface  of  slopes  beneath,  and  in  the  immediate  vicinity  of,  a  lode. 
The  second  kind  of  workings  consists  in  quarrying  out  masses 
of  tinstone  occurring  on  the  backs  and  outcrops  of  lodes.  Such 
bunches  are  due  to  the  retention,  in  its  original  position,  of  the 
cassiterite  present  in  the  veins,  while  the  lighter  impurities,  with 
which  it   was  originally  associated,  have   been  removed  by  dis- 

^  Rev.  J.  E.  Tenison-Woods,  Report  on  (he  Wild  River  and  Great  Western  Tin 
Mines  {near  Herberton),  Brisbane,  1881. 
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integration  and  the  mechanical  action  of  water.  The  third  class 
of  workings  consists  of  ordinary  mining,  where  shafts  are  sunk  and 
levels  driven. 

As  far  as  they  have  been  hitherto  explored,  the  lodes  in  this 
neighbourhood  are  both  wide  and  exceedingly  rich.  They  vary  to 
some  extent  in  their  direction  and  dip,  but  are  commonly  nearly 
vertical.  At  Herberton  the  average  direction  will  be  somewhat 
east  of  north  and  west  of  south ;  but  on  the  western  side  of 
the  granitic  range  the  average  direction  is,  on  the  contrary,  more 
frequently  west  of  north  and  east  of  south. 

The  Herberton  mines  are  on  the  Wild  River,  and  on  the  eastern 
side  of  the  granite  range  ;  but  on  the  western  side,  at  a  distance  of 
between  six  and  seven  miles,  at  the  sources  of  the  Tate  and  Wash 
Rivers,  there  is  a  second  stanniferous  area,  known  as  the  Great 
Western  tin-field.  The  granites  of  both  regions  are  essentially 
composed  of  orthoclase,  quartz,  and  black  mica,  and  the  tin  ore  is 
sometimes  accompanied  by  wolfram. 

A  peculiar  feature  of  the  metalliferous  deposits  of  the  Great 
Western  area  is  the  outcrop  of  several  copper  lodes,  which  some- 
times carry  rich  ores ;  these  have  recently  been  the  object  of 
exploitation,  as  already  mentioned.  The  following  description  by 
Mr.  Jack  of  one  of  the  localities  which  he  visited  will  serve  to 
convey  some  idea  of  the  general  richness  of  the  deposits  in  this 
district : ^ 

"  Prospectors'  Gully  falls  west-north-west  into  the  Wild  River. 
At  the  date  of  my  visit  the  greater  part  of  the  bottom  had  been 
cleaned  for  about  Ij  mile  up  the  gully  and  the  wash-dirt  stacked 
ready  for  sluicing.  Here  and  there  lay  groups  of  boulders  of  tin 
ore  gathered  out  of  the  wash-dirt,  many  of  them  nearly  100  lbs. 
in  weight.  These  large  boulders  stopped  about  a  quarter  mile 
up  the  gully  below  a  reef  of  quartz  showing  tin  ore  in  large  lumps, 
which  is  seen  on  the  riglit  bank  of  the  gully  striking  S.  10°  W. 
to  N.  10^  E.  The  wash-dirt  in  the  gully  above  this  lode  is 
characterised  by  finer  stream  tin. 

"  Shortly  above  the  lode  the  gully  splits  into  three  branches. 
Between  the  southmost  and  middle  branches,  lumps  of  ore,  from 
the  size  of  marbles  to  the  size  of  eggs,  strew  the  surface  in  astonish- 
ing quantities.  Without  moving  from  the  spot  one  might  easily 
gather  a  stone  weight  of  ore  almost  anywhere  by  reaching  out  his 
two  hands.  The  whole  of  the  '  surface '  here  should  pay  well  to 
wash.  This  surface  ore  leads  up  to  the  Great  Northern  Lode  of 
^  R.  L.  Jack,  Geoi.  Survey  of  Northern  Qutensland,  1881,  p.  8. 
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the  Prospectors.  A  shaft  has  been  sunk  on  this  to  the  depth  of 
six  to  ten  feet.  Twenty-six  tons  of  ore,  containing  60  per  cent,  of 
tin,  have  been  raised  from  this  shaft  and  sold." 

Observations  made  during  this  examination  led  ^Ir.  Jack  to 
the  conclusion  that  the  tinstone  was  originally  in  the  form  of 
disseminated  crystals,  which  have  become  concentrated  by  the 
weathering  of  their  matrix  during  a  long  period  of  sub-aerial 
denudation.  Two  distinct  types  of  tin-bearing  rock  were  met 
with,  namely,  quartz  reefs,  and  eruptive  dykes.  Many  of  the 
latter  are  to  be  passed  at  various  points  along  the  rocks  on  the 
boundary  between  Queensland  and  aS^ew  South  Wales.^ 

The  number  of  tin  streams  and  tin  mines  in  operation  in  the 
colony  during  the  year  1881  amounted  to  174,  but  no  deep  leads 
appear  to  have  been  worked  under  the  basalt. 

In  1894,  about  two-thirds  of  the  year's  production,  namely, 
1,960  tons  of  black  tin,  came  from  the  Herberton  district, 
Irvinebank  and  Watsonville  being  the  chief  producers  of  lode 
tin,  and  Tate  and  California  Creek  of  stream  tin.  The  total 
amount  of  the  former  was  1,250  tons,  the  product  of  7,212  tons 
of  stone  crushed,  whilst  the  quantity  of  alluvial  tin  ore  was 
710  tons.  The  same  district  also  produced  67  tons  of  wolfram  ore. 
The  following  table  -  shows  the  quantities  and  values  of  tin  ore 
produced  in  this  colony  since  1872,  the  first  year  in  which  any 
output  of  this  metal  is  recorded  : — 

AMorxT  AND  Value  of  Bl.\ck  Tin  prodttced  ix  Queensland  from  1872  to 

1895  iNCLUsrvE. 


Tear. 

Quantity. 

Value. 

,     Tear. 

1 

Quantity. 

i    Value. 

1 

Tons. 

£ 

Tons. 

£ 

1872 

1,407 

109,816 

1884 

3,383 

1   130,460 

1873 

8,938 

606,184 

1885 

3,253 

'   151,871 

1874 

5,702 

358,550 

1886 

3,153 

162,124 

1875 

4,475 

237,879 

1887 

3,279 

217,389 

1876 

4,315 

187,201 

1888 

3,586 

200,019 

1877 

3,335 

133,432 

1889 

3,033 

156,406 

1878 

2,849 

88,366 

1890 

2,970 

154,963 

1879 

2,877 

120,391 

1891 

2,236 

•       116,387 

1880 

2,847 

142,977 

1892 

2,389 

123.098 

1881 

3,456 

193,699 

1893 

2,4.34 

106.953 

1882 

4,261 

269,904 

1    1894 

2,871 

102,277 

1883 

3,346 

187,292 

1895 

2,114 

68,133 

Tc 

tals  .  .  .  . 

82,379 

4,325,771 

^  Proceedings  Royal  Georjr.  Soc.  v.  1883,  p.  101. 

-  Annual  Report  of  the  Under-Secretary  for  Mines  for  1895,  p.  34. 
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Other  Metals. — The  colony  has  for  many  years  produced 
varyino-,  but  usually  small,  quantities  of  antimony.  In  1894  the 
only  district  that  produced  any  was  the  Hodgkinson,  where  28 
tons,  valued  at  £280,  were  obtained.     None  was  obtained  in  1895. 

Silver  lead  ores  are  also  worked  in  several  places,  the  Her- 
berton  district  with  78,343  ounces  of  silver,  and  the  Stanthorpe 
with  85,067  ounces,  having  been  the  chief  producers  in  1894. 
Nothing  can  be  gathered  as  to  the  character  of  the  ores  mined  in 
these  districts,  or  of  the  mode  of  their '  occurrence.  It  is  strange 
that  in  so  many  parts  of  the  world  silver  ores  and  tin  ores  occur 
in  the  same  districts,  but  it  would  appear  that  in  this  colony 
the  ores  occur  in  separate  lodes  and  not,  as  far  as  can  be  gathered, 
in  any  way  connected  with  each  other.  Most  of  the  mines  appear 
to  be  working  on  lodes  of  argentiferous  galena,  but  rich  ores,  chiefly 
hornsilver  and  silver  fahlore,  are  known  at  Silverfield.  Hornsilver 
also  occurs  in  the  Herberton  district,  togther  with  galena.  The 
latter  occurs  at  Ravenswood  and  Sellheim  River  Field.  The  same 
two  districts  were  again  the  chief  producers  in  1895  ;  at  Herberton, 
Mount  Albion  was  the  most  imjDortant.  The  district  produced 
59,911  ounces,  worth  £8,237,  the  product  of  2,037  tons  of  ore,  which 
also  yielded  278  tons  of  lead  and  63  of  copper  allo3^  In  Stan- 
thorpe district,  the  Silver  Spur  Mine,  close  to  the  New  South  Wales 
border,  is  doing  good  work,  and  jDroduced  3,134  tons  of  ore,  valued 
at  £14,330. 

The  following  table  shows  the  quantities  and  values  of  metallic 
minerals  other  than  gold  j^roduced  in  the  years  1894  ^  and  1895  - : 


Product. 

1S94                                                  1S95 

Weight.               Value. 

Weight.                Value. 

183  158  o7    '     22,077 

1            A 

225,019  oz.    :     .30,042 

2,114tons      68,1.33 

363     ,,  1       3,634 

434     ,,        13,097 

58^  ,,          3,258 

45     ,,             542 
3."i5     „          1,103 

Tin  Ore 

Lead  Ore 

Copper  Ore 

Bismuth  Ore 

Antimony  Ore 

Wolfram  Ore 

Manganese  Ore 

2,871  tons     102,277 

451    „           4,370 

415   ,,           9,582 

65   ,,           6,270 

28   ,,              280 
105   ,,              710 
140   ,,               400 

Total  Values  .    .    . 

145,966                               119,809 

i 

1  Annual  Beporf  of  the  Umhr-Secrttary  for  Mint-ifor  1894,  p.  29. 
-  Ibid,  for  1895,  p.  31. 
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South  Australia. 

Mining  operations  have,  for  many  years,  been  extensively 
carried  on  in  various  parts  of  South  Australia,  the  most  important 
minerals  hitherto  found  being  ores  of  copper.  Gold,  although  to 
some  extent  present  in  the  majority  of  its  rivers  and  streams,  is  by 
no  means  abundant.  With  regard  to  the  mode  of  occurrence  of 
argentiferous  lead  ores,  which  have  been  produced  in  considerable 
quantities,  we  are  without  detailed  information.  Until  compara- 
tively recent  times  South  Australia  had  been  without  a  Govern- 
ment geologist,  and  consequently  but  little  is  accurately  known  of  its 
geology;  while  with  regard  to  its  mineral  productions  we  have  scarcely 
any  information  beyond  that  supplied  by  various  statistical  tables. 

Gold. — Mr.  G.  H.  F.  Ulrich,  who  visited  South  Australia  in 
the  year  1872,  describes  the  principal  localities  in  which  gold 
mining  was  then  being  cai'ried  on  ;  the  most  important  gold-fields 
being  the  Ulooloo,  the  Blumberg,  the  Barossa,  and  the  Echunga, 
but  gold  was  also  obtained  at  the  Jupiter  Creek  Diggings  and 
elsewhere.^  The  first  record  of  gold  exportation  is  in  1873,  when 
76J  ounces  were  returned  for  export. 

The  Ulooloo-  gold-field,  discovered  in  1870  or  1871,  is  situated 
some  twenty-five  miles  north  of  the  celebrated  Burra  Burra  Copper 
Mine,  within  an  area  forming  part  of  the  extensive  northern  region 
which  has  been  proved  to  be  rich  in  copper  ore,  but  in  which  the 
existence  of  gold  was  at  one  time  thought  doubtful.  The  rocks 
throughout  this  portion  of  the  field  consist  of  flaggy,  gray,  brown, 
and  bluish  slates,  alternating  with  massive  quartzites  and  gritty 
sandstones.  All  these  rocks  are  traversed  by  quartz  veins,  apparently 
in  all  respects  similar  to  those  met  with  several  hundred  miles 
further  north,  which  have  been  regarded  as  exhibiting  an  auriferous 
aspect,  but  no  quartz  reefs  have  as  yet  been  worked.  Un- 
fortunately, however,  the  non-discovery  of  fossils  in  the  rocks  of 
either  of  these  localities  precludes  the  possibility  of  establishing 
their  geological  relations.  This  field  contains  numerous  deposits 
of  auriferous  shingle  brought  down  from  the  surrounding  ranges, 
and  these  may  be  divided  into  three  classes,  recent  gold  drift  in 
existing  creek  beds,  an  older  drift  in  ancient  watercourses,  and  an 
old  Tertiary  gold  drift. 

The  more  recent  deposits  are  shingly  drifts  occupying  the  beds 
of  creeks  wdiich  have  been  for  the  most  part  eroded  to  the  deptli 

^  Mineral  Fesonrces  ^''orth  of  Port  Anynsfa,  p.  19,  Adelaide,  1872. 
-  H.  Y.  L.  Brown,  Eeport  on  the  Ulooloo  Goldfield,  1887. 
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of  several  feet  in  slaty  rocks,  and,  as  the  surfaces  of  these  gullies 
are  generally  rendered  very  uneven  by  joints  and  fissures  along 
cleavage  planes,  the  collection  of  the  wash-dirt  becomes  a  slow 
and  troublesome  operation.  The  older  deposits,  on  the  other  hand, 
form  banks  of  from  G  to  30  feet  in  depth,  chiefly  composed 
of  clay,  sand,  and  shingle,  lying  between  the  principal  and 
branch  creeks.  These  are  generally  richer  in  gold  than  those 
belonging  to  the  other  class.  The  principal  diggings  at  Ulooloo 
extend  for  a  distance  of  about  a  mile  up  a  main  branch  of  the 
creek,  and  the  slightly  water-worn  character  of  the  gold  found 
would  appear  to  indicate  that  the  reefs  whence  it  was  originally 
derived  cannot  be  situated  at  any  considerable  distance.  There  is 
but  one  small  jjatch  of  Tertiary  drift  known,  namely,  at  the  "V^Hiite 
lead,  consisting  of  conglomerate  and  cement,  which  has  escaped 
denudation. 

In  1886  there  were  from  80  to  100  men  engaged  in  digging  on 
this  field.     No  information  as  to  its  yield  is  available. 

The  rocks  of  the  Blumberg  gold-field  are  partly  of  an  eruptive 
and  partly  of  a  metaraorphic  character.  They  consist  of  mica 
schist,  hard  micaceous  cpiartzites,  sandstones,  and  flagstones,  and 
are  traversed  by  eruptive  dykes  and  by  protrusions  of  a  very 
coarse-grained  granite  characterised  by  containing  large  crystals 
of  white  mica.  The  alluvium  here  varies  from  three  to  five  feet 
in  thickness,  and  at  the  surface  consists  of  brown  and  yellow 
mottled  sands  and  clays,  beneath  which  is  a  layer  of  from  one  to 
two  feet  in  thickness,  consisting  of  a  mi.xture  of  clay  and  angular 
quartz-gravel  resting  on  a  soft  bottom  composed  of  mica  schist. 
Wherever  this  thins  out,  the  surface  is,  as  a  rule,  found  remuner- 
atively auriferous  up  to  a  spot  covered  with  numerous  loose  blocks 
of  quartz.  The  gold  is  throughout  of  a  crystalline  spongy  character, 
and  must  have  been  derived  from  reefs  in  close  vicinity  to  the 
diff wings.  Some  of  the  samples  of  alluvial  gold  from  this  field 
resemble  the  so-called  spider-leg  gold  from  the  northern  gold-fields 
of  Queensland,  which  there  occurs  not  only  in  the  drifts  but  also  in 
elvan  dykes  and  greenstone.  In  this  district  various  quartz  reefs 
have  from  time  to  time  been  worked,  but  not  generally  with 
satisfactory  results. 

The  Barossa  gold-field  is  said  to  exhibit  in  its  topographical 
and  geological  features  a  close  resemblance  to  some  of  the  Victorian 
fields  where  the  protective  covering  of  basalt  is  absent.  The 
principal  deposit  is  probably  of  Pliocene  age,  consisting  of  rounded 
quartz   pebbles,  and    boulder   drifts,  enclosing   layer-like    patches 
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of  ferruginous  quartzose  conglomerate.  Both  the  older  and  more 
recent  drifts  are  auriferous ;  but  various  circumstances  go  to 
show  that  the  gold  in  the  latter  was  mainly  derived  from  the  dis- 
integration of  the  former.  From  the  fact  that  a  portion  of  the 
gold  found  in  the  more  recent  alluvium  is  less  water- worn  than 
is  that  from  the  older,  it  was  considered  probable  that  auriferous 
quartz  reefs  exist  within  the  limits  of  this  gold-field,  and  such  have 
actually  been  discovered  at  Moonta  Hill  and  other  places,  but  they 
have  not  yielded  encouraging  results. 

In  the  Para  Wirra  gold-field,^  which  adjoins  Barossa,  the  rocks 
are  also  of  Lower  Silurian  age.  Deep  leads  are  known,  chiefly  on 
the  north  side  of  the  Devil's  Gully,  but  they  are  for  the  most  part 
in  hard  cement,  and,  though  they  carried  small  nuggets  up  to  1  oz. 
in  weight,  were  never  payable.  The  alluvial  diggings  are  very 
limited  in  extent,  and  appear  to  have  derived  their  gold  from  the 
deep  leads  they  cut  through.  Some  of  the  reefs  have  given  satisfac- 
tory results,  notably  the  Lady  Alice  Mine,  which,  discovered  in  1871, 
was  only  sunk  upon  to  a  depth  of  160  feet,  when  it  was  closed  down 
in  1879.  From  the  flotation  of  the  company  to  work  it  in  1878  to 
the  time  work  was  stopped,  this  mine  produced  gold  to  the  value  of 
£22,000  and  copper  to  that  of  £4,000  ;  the  latter  metal  occurs  native, 
as  sulphide  and  as  oxide.  The  main  reef,  striking  about  N.  10'  E. 
and  dipping  E.,  was  jDOor  except  where  it  was  intersected  by  a 
smaller  spur  dipping  N.E.  The  country  strikes  about  N.,  and  is 
highly  metamorphosed,  gneissic  granite  being  the  prevailing  rock. 

At  Echunga  the  geological  features  of  the  country  closely 
resemble  those  occurring  at  Barossa,  namely  a  drift  of  pro- 
bably older  Pliocene  age,  composed  of  rounded  quartz  pebbles, 
ordinary  drift  and  conglomerate,  occupying  the  sloj)es  and  summits 
of  tolerably  high  ranges.  Some  of  the  quartz  leads  in  this 
gold-field  have  been  rather  extensively  prospected.  It  is  said  to 
have  been  discovered  in  1852. 

About  1890  some  important  gold  reefs  were  discovered  at 
Wadnaminga,  some  fifteen  miles  south-east  of  the  Mannahill 
station,  and  these  have  since  then  been  systematically  worked.  It 
is  semi-officially  stated  that  up  to  the  10th  December,  1881, 
130,000  oz.  of  gold,  valued  at  £450,000,  had  been  exported  from 
the  colony.  The  following  table  -  shows  the  exports  of  gold  from 
the  colony  between  the  years  1881  and  1895  : — 

^  H.  Y.  L.  Brown,  JVofes,  (Dr.,  exjjlaHatory  of  Geological  Mcqi  of  Para  Wirra 
and  Barossa  JReserms,  No.  178,  1885. 

-  South  Australia,  Statistical  Register  and  MS.  information. 
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Table  showing  the   Export  of  Gold,  the  Produce  of  the  Colony,  prom 
South  Australia  from  1881  to  1895  inclusive. 


Year. 

Quantity. 

Value. 

Oz. 

£ 

1881 

220 

880 

1882 

764 

3,080 

1883 

2,671 

10,534 

1884 

3.970 

15,469 

1885 

4,692 

18,295 

1886 

8,825 

32,535 

1887 

19,082 

72,003 

1888 

8,728 

34,205 

1889 

10,124 

37,305 

1890 

5,184 

20,808 

1891 

6,904 

27,380 

1892 

6,569 

26,097 

1893 

3,262 

12,561 

1894 

8,904 

33,401 

1895 

7,473 

26,060 

Totals  .... 

97,572 

370,613 

Northern  Territory. — Mr.  J.  A.  Plunkett  states  that, 
although  a  large  amount  of  money  had  been  expended  in  quartz 
reefing  in  the  northern  territor}-,  and  a  good  deal  of  quartz  had,  in 
the  aggregate,  been  raised  and  crushed,  quartz  mining  had  not 
been  fairly  tried.  Many  claims  have  been  superficially  tested, 
while  not  a  sufficient  number  of  them  has  been  systematically 
worked.  The  average  yield  from  the  commencement  would, 
however,  he  believed,  exceed  one  ounce  of  gold  per  ton  of  stone 

crushed.^ 

The  principal  reefs  to  wdiich  attention  has  been  directed,  taking 
them  in  order  from  north  to  south,  are  the  following : — The 
Stapleton  Reefs,  the  Howley  Reefs,  the  Britannia  Reef,  the  Yam 
Creek  Reefs,  the  Extended  Union  Reef,  the  Union  and  Lady  Alice 
Reefs,  the  Pine  Creek  and  Maude  Reefs.  Of  these  the  Union  and 
the  Lady  Alice  Reefs,  with  the  Pine  Creek  Reefs,  are  the  only 
ones  which  have  been  worked  upon  anything  like  an  extensive 
scale.  With  the  exception  of  one  or  two  reefs  which  run  nearly 
due  north,  their  course  is  either  north-westerly  or  north-north- 
westerly, and  in  some  cases  they  can  be  traced  for  a  considerable 
distance.  The  gold-bearing  district  is  known  to  extend  over  a 
leno-th  of  120  miles  from  north  to  south,  and  a  width  of  20  miles 
from  east  to  west,-  within  which  area  gold-bearing  deposits  have 

1  So^ith  AmtraUa,  edited  by  William  Harcus,  p.  169,  London,  1876. 
-  J.  B.  Woods,  The  Province  of  South  Amtralia,  1894,  p.  432. 
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been  found.  The  most  important  are  still  the  Union  and  the  Lady 
Alice  reefs. 

In  the  year  1875  the  total  result  obtained  from  thirty-three 
distinct  crushings  of  quartz  from  the  northern  territory  of  South 
Australia  was  as  follows  : — 

Quartz  treated,  2,732i  tons ;  gold  obtained,  4,327  oz.  18  dwt., 
or  a  little  more  than  1  oz.  12  dwt.  of  gold  per  ton  of  stone  treated. 

The  gold  exported  through  the  Customs^  for  the  eleven  years 
from  1881  to  1892,  amounted  to  261,070  oz.,  valued  at  £919,700. 
Much  however  has  probably  been  carried  away  without  being- 
reported.  The  following  are  the  details  of  the  exports  for  1891, 
1892,  and  1893  :— 

1S91.  1S92.  1803. 


Weight.  Value.  Weight.  Vahic.  Weight.  Value. 

Gold.    .    .    .   28,629  oz.    £98,149  ...  31,588  oz.    £108,763  ...  31,277  oz.    £108,110 

IfooiSr.:;'}        ^«'°°»       -=--     ■  ■^3"-         "30  ^..  2  ton,  £20 

The  total  output  for  1895  is  given  as  47,343  oz.  for  the  whole 
of  South  Australia. 

Copper, — The  history  of  copper  mining  in  South  Australia 
dates  from  the  year  1843,  when  the  Kapunda  Mine  was  discovered 
on  a  sheej)  run,  fifty  miles  north-east  of  Adelaide.  Smelting  for 
regulus  was  commenced  in  1849,  and  the  process  was  subsequently 
extended  to  the  manufacture  of  fine  copper.  The  Burra  Burra 
Mine  was  discovered  about  two  years  after  the  Kapunda,  from 
which  it  is  distant  some  forty-eight  miles  in  a  northerly  direction. 
The  total  quantity  of  ore  raised  from  the  Burra  Burra  Mine  during 
the  twenty-nine  and  a  half  years  of  its  existence^  was  234,048 
tons,  giving  an  average  produce  of  22  joer  cent.,  equal  to  51,622 
tons  of  copper,  and  worth  £4,749,224.     It  ceased  working  in  1877. 

There  are  two  lodes  at  Burra  Burra,  both  striking  north-west 
and  south-east  and  dipping  north-east  at  an  angle  of  about  70°. 
The  rock  forming  the  foot  wall  of  Allen's  Lode  is  a  "  serpentinous 
limestone,"  massive  and  compact,  while  the  rock  on  the  hanging 
side  of  Kingston's  Lode  is  composed  of  very  thin,  highly  inclined 
beds  of  non-fossiliferous  limestone.  The  veins  would  seem  to  come 
under  the  class  of  contact  veins,  but  as  no  workings  were  made 
south  of  their  junction,  and  no  section  of  the  country  rock  exists, 
the  evidence  on  this  point  cannot  be  regarded  as  complete.     The 

1  The  Province  of  South  Australia,  1894,  p.  432. 
-  J.  D.  Woods,  The  Province  of  South  Australia,  1894,  p.  257. 
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main  engine  shaft  is  sunk  to  a  depth  of  100  fathoms  from  the 
surface,  and  there  is  no  adit.  Blue  and  green  carbonates  continued 
to  a  depth  of  from  forty  to  fifty  fathoms.  Red  and  other  oxides  of 
copper  as  well  as  metallic  copper  were  also  found  more  or  less 
within  these  limits.  Between  the  50-  and  60-fathom  levels  large 
horses  occurred  containing  vein  material  and  ore.  A  little 
below  the  70-fathom  level  erubescite  was  found,  while  between  the 
90-  and  100-fathom  levels  the  first  discovery  of  copper  jDyrites  was 
made.^ 

For  many  years  the  Burra  Burra  was  j^robably  the  richest 
copper  mine  in  the  world,  but,  in  1860,  the  discovery  of  the 
Wallaroo  Mine,  Port  Wallaroo,  and  shortly  after  of  the  Moonta 
Mine,  on  Yorke's  Peninsula,  within  the  next  two  years  brought 
formidable  rivals  into  the  field.  The  development  of  the  Wallaroo 
Mines  was  exceedingly  costly,  and  a  large  amount  of  capital, 
amounting  to  some  £80,000,  was  expended  before  any  adequate 
returns  had  been  made.  Since  the  year  1860  its  progress 
has  however  been  satisfactory,  the  lodes  being  in  many  places 
extraordinarily  large  and  productive,  sometimes  measuring  nearly 
thirty  feet  in  width  of  almost  solid  ore,  containing  12  per  cent, 
of  copper,  and  yielding  as  much  as  sixty  tons  of  ore  per  running 
fathom.  The  width  of  the  lodes  is,  however,  usually  from  five  to 
ten  feet. 

There  are  three  distinct  lodes  at  the  Wallaroo  Mines,  all  of 
which  are  enclosed  in  porphyrite.  They  strike  about  20°  S.  of  E. 
and  are  nearly  perpendicular  down  to  the  80-fathom  level.  These 
lodes  consist  of  a  series  of  large  lenticular  masses  connected  by 
narrow  partings  in  the  country  rock.  There  are  many  cross 
divisions  against  which  the  ore  often  terminates,  as  well  as  others 
which  slightly  shift  the  lodes.  The  principal  ores  to  a  depth  of 
15  fathoms  are  carbonates  of  copper ;  black  sulphides  between 
the  15-  and  25-fathom  levels ;  and  copper  pyrites  from  the  25- 
fathom  level  downwards.  The  porphyrite,  which  is  the  country 
rock,  is  often  capped  by  limestone,  and  the  ores  on  an  average 
assay  about  12  per  cent,  of  copper. 

Including  Matta  and  Kunilla,-  the  drives  and  levels  extend  to  a 
length  of  twenty  miles,  and  there  ai'e  thirty  shafts,  the  deepest  of 
which  is  down  to  195  fathoms.  From  the  opening  of  the  mine  in 
1886,  the  total  quantity  of  ore  raised  was  451,016  gross  tons  of 
21  cwt.,  worth  £2,030,143. 

^  MS.  notes  furnished  by  Mr.  J.  Darlington. 

-  J.  D.  Woods,  The  Province  of  South  Australia,  1S94,  p.  258. 
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About  a  year  subsequent  to  the  discovery  of  the  Wallaroo 
Mine,  a  still  more  valuable  find  of  copper  ore  was  made  eleven 
miles  to  the  south-west  of  it,  and  about  two  miles  from  the  coast. 
A  quantity  of  small  fragments  of  green  carbonate  of  copper  having 
been  found  lying  on  the  surface  of  the  ground,  pits  were  sunk,  and 
a  fine  lode  of  copper  ore  was  met  with  at  a  very  inconsiderable 
depth.  This  was  the  commencement  of  the  now  celebrated 
Moonta  Mine.  At  this  mine  highly  inclined  masses  of  j)orphyrite 
are  covered  by  a  layer  of  conglomerate,  varying  from  one  to  three 
feet  in  thickness.  On  this  reposes  a  bed  of  stiff  red  clay  resulting 
from  the  decomposition  of  porphyrite,  between  four  and  five  feet  in 
depth,  covered  by  two  feet  of  limestone,  above  which  are  a  few 
inches  of  sand  and  gravel.  The  jarincipal  lodes,  which  vary  from 
six  inches  to  twenty  feet  in  width,  are  three  in  number,  namely : 
the  Main  Lode  coursing  20°  N.  of  E.,  with  an  underlie  of  from  two 
to  three  feet  per  fathom  west ;  Young's  Lode,  with  a  direction  of 
40°  E.  of  N.,  and  an  underlie  of  from  three  to  five  feet  in  a  fathom 
west ;  and  Dominick's  Lode,  coursing  40°  E.  of  N.,  and  underlying 
from  four  to  five  feet  per  fathom  west.  The  distance  between 
Young's  Lode  and  the  Main  Lode  is  from  800  to  900  fathoms,  and 
between  the  former  and  Dominick's  Lode  from  70  to  80  fathoms. 
Other  lodes  are  sometimes  recognised,  but  it  is  probable  that  they 
are  all  either  branches  or  prolongations  of  the  above.  There  are 
some  thirty  miles  of  levels,^  and  seventy-seven  shafts,  the  deepest 
being  down  287  fathoms.  The  average  yield  of  the  dressed  ore  is 
about  IS  per  cent.  During  the  first  twenty  months  after  the 
opening  of  the  Moonta  Mine,  8,000  tons  of  ore,  averaging  nearly 
25  per  cent,  of  fine  copper,  were  raised,  and  dividends  amounting 
to  £64,000  were  paid  from  the  proceeds.  The  average  yearly 
return  from  the  commencement  up  to  1876  was  18,220  tons  of  ore, 
of  an  average  yearly  value  of  £197,270.  From  its  start  up  to 
June  3Uth,  1886,-  there  had  been  raised  476,180  gross  tons  (of 
21  cwt.  each)  of  ore,  worth  £4,579,097.  This  mine  is  now 
amalgamated  with  the  Wallaroo  Mine.  There  are  various  other 
mines  in  the  neighbourhood  of  the  ]\[oonta,  which  have  been 
worked  with  more  or  less  successful  results. 

Copper  mines  have  been  opened  in  two  or  three  localities  near 
the  River  Murray ;  and  at  Callington,  about  thirty-six  miles  from 
Adelaide,  in  the  direction  of  the  Murray,  a  copper  mine  has  been 
working  for  many  years  with  a  moderate  degree  of  success.     A  few 

1  J.  D.  Woods,  The  Province  of  South  Australia,  1894,  p.  259 
-  Ibid.,  p.  259. 
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miles  from  this  is  the  Huel  Ellen  Mine,  situated  about  three  miles 
from  the  town  of  Strathalbjai,  which  was  originally  worked  for 
argentiferous  lead  ores.  The  lead  ore  ultimately  gave  place  to 
oxide  of  copper,  but  the  mine  is  believed  to  be  at  jjresent 
unworked.  One  of  the  most  jDromising  copper  mines  of  the  colony 
is  the  Blinman,  which  has  been  a  large  producer ;  it  is  Avorked  on 
a  strong  lode  which  carried  carbonates  of  copper  near  the  surface, 
and  sulphides  with  a  gangue  of  calcsj^ar  and  barytes,  with  but  little 
quartz  in  depth. 

The  most  extensive  mineral  district  of  the  colony  is  that  lying 
north,  north-east,  and  east  of  Port  Augusta.  Here  the  unaltered 
sedimentary  rocks  composing  the  tract  of  country  from  the  Burra 
BuiTa  Mine  northward,  show  as  a  whole  a  remarkable  uniformity 
in  their  lithological  characters.  The  same  rocks,  consisting  of 
quartzites,  slates  and  shales  of  various  textures,  sandstones, 
conglomerates,  and  siliceous  limestones,  recur  again  and  again  in 
grand  anticlinal  and  synclinal  undulations  over  hundreds  of  miles. 
As  no  traces  of  organisms  have  anywhere  been  found  in  these 
strata,  the  geological  age  of  the  rocks  has  not  been  accurately 
determined,  but  Mr.  Ulrich,  who  visited  this  region  in  1872, 
unhesitatingly  assigns  them  to  one  of  the  older  epochs  of  the 
Palaeozoic  period.  As  a  rule,  this  region  has  the  disadvantage  of 
being  barren  and  comparatively  waterless.  Timber  for  mining 
purposes  is  absent,  and  communication  with  the  seaboard  is  difficult 
and  expensive. 

In  this  area  copper  ores  occur  as  impregnations,  in  pockets,  in 
layers,  and  in  lodes  of  various  kinds,  but,  speaking  generally,  Mr. 
Ulrich  does  not  appear  to  have  formed  a  high  opinion  of  its 
capacity  as  a  mining  district. 

There  were  nineteen  copper  mines  in  operation  during  the  year 
1881,  namely: — Yudanamutana ;  Blinman;  at  Dora;  the  Devon 
Consols  Co.  ;  the  Hamley  Mining  Co. ;  at  Kapunda  South ;  at 
Moonta  ;  the  Wallaroo  Co. ;  the  Yorke's  Peninsula  Mining  Co. ; 
the  Huel  Friendship  Mine ;  the  Kunamundoo  Mine ;  the  Garrett 
Mine ;  Leigh's  Creek  ;  Nildotte ;  Beltona ;  Voca  Vocina ;  Gammon's 
Creek ;  Mount  Rose,  aud  North  Mount  Rose.  Copper  ores  are 
the  most  imj)ortant  minerals  of  South  Australia,  and  upon  the 
yield  of  its  copper  mines  the  prosperity  of  the  colony  to  no  small 
extent  depends.^ 

The  following  table,  compiled  from  official  sources,  shows  the 
weight  and  value  of  the  copper,  copper  ore,  and  regulus,  exported 

1  The  An-sfralian  Handhool;  Lonilon,  1883,  p.  373. 


SOUTH    AUSTRALIA 


695 


from  South  Australia  from  the  commencement  of  I80G  to  the  end 
of  1895  :— 


Table    showing   the   Quantity   and   Value   of  Copper,  Copper  Ore    and 
Regulus,  the  Produce  of  the  Colony,  exported  from  South  Australia 

DURING    THE   FOLLOWING    YeARS  : — 


Ingots. 

Ore  and  regulus.  .   j 

Year. 

Total 

value. 

Quantity. 

Value. 

Quantity. 

Value. 

Tons 

cwt. 

t 

Tons. 

£ 

& 

1856 

2,219 

0 

248,460 

9,5.39 

1.59,205 

407,665 

1857 

2,844 

13 

290,739 

8,115 

144,245 

434,984 

1858 

2,389 

16 

250,042 

6.851 

109,040 

3.59.(182 

1859 

2,837 

5 

289,841 

7,447 

107,399 

397,240 

1860 

3,271 

9 

331,775 

8,335 

104,007 

435,782 

1861 

3,052 

7 

294,572 

8,207 

152,874 

447,446 

1862 

4,293 

12 

400,591 

6,634 

143,781 

.544,372 

1863 

4,802 

0 

477,944 

5,382 

84,917 

.562,861 

1864 

6,702 

15 

637,791 

4,597 

40,605 

678,396 

1865 

5,009 

16 

433,795 

16,176 

184,677 

618,472 

1866 

6,463 

12 

584,509 

16,824 

225,683 

810,192 

1867 

7,843 

3 

627,384 

11,4.55 

113,969 

741,3.53 

1868 

5,211 

7  . 

400,691 

20,735 

207,732 

6(18,423 

1869 

4,639 

8 

371; 566 

26,835 

250,259 

621,825 

1870 

5,471 

1 

394,919 

20,886 

173,861 

.568,780 

1871 

6,395 

11 

518,080 

20,127 

119,903 

637,983 

1872 

7,452 

10 

680,714 

26,964 

122,020 

802,734 

1873 

7,087 

4 

635,131 

27,382 

133,.371 

768,-502 

1874 

6,629 

7 

557,306 

22,854 

1.36,5.30 

693,836 

1875 

6,841 

15 

578,065 

26,436 

175,101 

7-53,166 

1876 

5,463 

9 

427,403 

22,682 

164,  .597 

592,')0(t 

1877 

5,143 

11 

396,602 

18,-i32 

165,408 

.562,010 

1878 

3,594 

6 

252,206 

17,(107 

155,381 

407,587 

1879 

3,368 

10 

217,186 

13,715 

134,202 

351,388 

1880 

3,255 

8 

233,374 

14,622 

112,773 

346,147 

1881 

3,824 

5 

263,370 

21,6.38 

154,926 

418,296 

1882 

3,647 

15 

259,884 

2;5,897 

195,686 

455,570 

1883 

3,398 

15 

2.34,780 

18,687 

140,545 

375,325 

1884 

4,572 

1 

287,753 

23,968 

181.477 

469,230 

1885 

3,517 

12 

194,090 

18,639 

128,893 

322,983 

1886 

3,635 

11 

172,330 

14,782 

58,.5.38 

23(1,868 

1887 

3,874 

10 

186,624 

12,695 

53,709 

24(1,333 

1888 

3,165 

10 

252,627 

12,873 

73,575 

326, 202 

1889 

4,008 

12 

212,9.33 

17,730 

83,969 

296,902 

1890 

2,961 

17 

155,417 

15,380 

92,562 

247,979 

1891 

3,551 

13 

182,142 

13,035 

53,675 

2.35,817 

1892 

2,653 

14 

132,040 

10,-506 

43,485 

175,525 

1893 

4,319 

13 

208,967 

1,2.59 

5,808 

214,775 

1894 

4,944 

8 

208,639 

309 

4,884 

213,523 

1895 

Totals 

5,167 

12 

226,494 

212 

1,607 

228,101 

179,526  3 

13,708,776 

,595,949 

4,894,879 

18,603,655 

Northern  Territory. — Copper  was  first  found  in  1873  near 
Pine  Creek,  but  was  not  worked  here  till  1889.     Otner  mines  have 
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been  opened  near  the  Daly  River.  Between  the  years  1886  and 
1892  the  total  export  of  coi:)per  ore  was  3,171  tons^  valued  at 
£38,702.  In  1891  there  were  2G8  tons,  value  £3,642 ;  in  1892, 
168  tons,  value  £2,155  ;  and  in  1893,  135  tons,  value  £1,190, 
exported  from  the  Territory. 

Lead  and  Silver. — No  lead  ores,  properly  speaking,  are 
worked  in  the  .colony  for  lead  alone,  onl}^  argentiferous  lead  ores 
being  apparently  considered  worth  working  ;  on  the  other  hand 
silver  ores  that  are  not  lead-bearing  are  exceedingly  rare,  so  that 
these  two  metals  must  be  considered  together.  Chlorides  and 
iodides  of  silver  ^  are,  however,  known  in  the  Ediacara,  Fifth  Creek 
Central,  Mount  Malvern,  Eagle  and  a  few  other  mines;  silver 
occurs  in  iron  oxides  at  Buttamuk  Mine.  In  most  of  the  other 
very  numerous  localities  in  which  silver  ores  are  known,  these  are 
almost  always  argentiferous  galena  or  cerussite  ;  arseniates  and 
phosphates  of  lead  also  occur.  These  ores  are  sometimes  associated 
with  ores  of  copper.  They  generally  occur  in  fissure  lodes  in 
Primary  rocks,  the  chief  veinstones  being  barytes,  calcite,  quartz, 
ironstone,  &c.  There  is  an  exceptional  occurrence  at  the  Ediacara 
Mine,  where  silver-lead  deposits  occur  as  irregular  masses  in  a  soft 
argillaceous  bed,  and  where  crystalline  dolomitic  limestones  carry 
veins  of  galena  and  cerussite  with,  in  places,  fahlore. 

The  j)rincipal  mines  of  argentiferous  galena  are  situated  in  the 
southern  portion  of  the  colony  near  Cape  Jervis.  Among  the  most 
important  are  the  Talisker,  George,  and  Campbell's  Creek  Mines. 
Lead  ores  have  also  been  found  near  Kapunda  ;  and  several  years 
ago  galena  was  found  in  the  hills  twenty  miles  south-east  of  Ade- 
laide in  the  Almanda  Mine,  which  had  been  originally  ojDened  as  a 
copper  mine.  Rich  silver  ores  were  found,  but  the  influx  of  water 
at  the  moderate  depth  of  20  fathoms  was  so  great  tliat  the  pumping 
plant  at  the  mine  proved  inadequate,  and  work  had  to  be  suspended. 

The  following  table  shows  the  quantity  and  value  of  the  lead 
and  lead  ore  annually  exported  from  South  Australia  during  forty 
years.  A  considerable  proportion  was  the  produce  of  the  Huel 
Ellen  Mine,  near  Strathalbyn,  but  we  are  without  any  detailed 
information  relative  to  the  mode  of  occurrence  of  lead  ores  in  that 
district.  Silver  lead  and  silver  ores  are  widely  distributed,  and  it 
will  be  remembered  that  the  great  Broken  Hill  Mines  are  only 
16  miles  east  of  the  boundary  between  New  South  Wales  and 
South  Australia. 

1  H.  1).  Wilson,  The  Xorfhern  Ttrritory,  Adelaide,  1894,  p.  434. 

-  H.  Y.  L.  BroM-n,  Cataloijue  of  South  AustraUan  Minerals,  Adelaide,  1893,  p.  27. 
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Table  showing  the  Quaxtitv  and  Value  of  Lead  and  Lead  Ore,  the 
Prodvce  of  the  Coloxv,  exported  from  South  Australia  from  1856 
to  1895  ixclusive.^ 


Tear. 

Lead. 

Lead  ore. 

Total 

_ 

value. 

Quantity. 

Value. 

Quantity. 

Value. 

Tons    cwts. 

£ 

Tons 

k. 

k. 

1856 

— 

— 

33 

377 

377 

1857 

— 

— 

1,422 

23,855 

23,855 

1858 

— 

— 

853 

14,20(1 

14,2(»0 

I   1859 

63  1 

5.71*1 

262 

8,068 

13,778 

1860 

91  4 

8.275 

68 

2,480 

10,755 

1861 

62  16 

4,421) 

15 

300 

4,726 

1862 

21  6 

981 

97 

2,260 

3,241 

1863 

13  11 

525 

450 

9,007 

9,532 

1864 

3  3 

121 

566 

13,107 

13,228 

1865 

4  2 

133 

86 

1.507 

1,64(» 

1866 

67  11 

2.901 

648 

11,318 

14,309 

1867 

169  11 

5.4(i4 

212 

3,353 

8,817 

1868 

152  9 

5,671  • 

76 

1,245 

6,915 

1869 

146  16 

4,471 

24 

296 

4,767 

1870 

128  4 

4,089 

3 

21 

4,110 

1871 

169  1 

5,497 

— 

— 

5,497 

1872 

— 

— 

61 

2,324 

2,324 

1873 

14 

20 

— 

— 

2(» 

1874 

— 

— 

24 

332 

332 

1875 

— 

— 

132 

66 

66 

1876 

11 

14 

17 

215 

229 

1877 

18  11 

295 

6 

120 

415 

1878 

— 

— 

— 

— 



1879 

3  0 

90 

— 

— . 

90 

1880 

— 

— 

— 

.  — 

1881 

— 

— 

90 

1,182 

1,182 

1882 

— 

— 

82 

2,111 

2,111 

!   1883 

— 

— 

907 

13,757 

13,757  ■ 

1884 





386 

5,898 

5,898 

1885 

7  12 

137 

37 

1,496 

1,633 

1886 

1   8 

18 

34 

602 

62(» 

1887 

13  10 

123 

120 

1,800 

1,923 

1888 

138  15 

1,973 

171 

2.5.")n 

4,523 

1889 

257  5 

2,942 

328 

2,332 

5,274 

189(t 

— 

— . 

523 

8.452 

8,452 

1891 

— 



128 

1,787 

1,787 

1892 

29  0 

334 

74 

521 

855 

1893 

20  7 

185 

34 

420 

605 

1894 

3  14 

34 

— 

34 

1895 
Totals 

4  4 

39 

2 

11 

50 

1,5876  4 

54,557 

7,971 

137,370 

191,927 

Northern  Territory. — Several  lodes  of  silver-lead  ore  have 
been  worked  since  about  1887,  the  most  successful  being  the 
Eveleen  Mine,  about  30  miles  from  the  Union  railway  station,  and 

^  From  the  value.s  affixed  it  i.s  evident  that  tlie  lead  and  lead  ores  must  have 
been  argentiferous,  and  probablj-  also  contained  gold. 


698  ORE    DEPOSITS  part  ii 

a  group  of  mines  near  the  Mclnlay  river.  From  this  group  of 
mines  up  to  1892  there  had  been  shipped  nearly  1,200  tons  of  ore, 
worth  £46,567,  the  ore  varying  from  50  to  G5  per  cent,  of  lead  and 
40  to  150  ounces  of  silver  to  the  ton.  In  1892  the  Territory 
shipped  112  tons  of  ore,  valued  at  £1,640,  and  in  1893,  10  tons, 
valued  at  £150.  Nothing  is  knov/n  about  the  geological  relations 
of  these  deposits. 

Other  Metals. — Stibnite  occurs  in  South  Australia,  and  from 
1865  to  1875,  390  tons  of  bismuth  ore,  of  the  value  of  £14,700, 
were  shipped  from  the  colony.  Since  that  time  very  little,  if  any, 
bismuth  ore  has  been  shipped,  the  first  parcels  not  having  proved 
very  remunerative. 

Tin  occurs  in  several  places,  and  small  parcels  are  shipped  from 
time  to  time  ;  between  the  years  1880  and  1894,  tin  ore  to  the 
value  of  £860  seems  to  have  been  exported.  In  the  Northern 
Territory,^  both  stream  tin  and  lode  tin  have  been  discovered 
throughout  a  district  some  150  miles  in  length.  Mount  Wells 
being  the  best  known  locality.  The  first  shipment  was  made  in 
1882  and  from  then  to  the  end  of  1892  the  quantity  exported  was 
466  tons,  worth  £22,834;  in  1893,  29  tons,  worth  £1,595  were 
exported.  Nickel  and  cobalt  ores  are  known  to  exist,  but  have  not 
been  worked.  Several  localities  where  manganese  occurs  are 
known,  and  at  Boolcunda,  manganese  deposits  have  been  pretty 
extensively  worked;  since  1880  manganese  ores  to  the  value  of 
about  £42,000  have  been  shipped.  In  1893  the  output  was  2,428 
tons,  valued  at  £6,359,  in  1894  it  was  174  tons,  valued  at  £517, 
and  in  1895  only  48  tons,  valued  at  £146.  Large  deposits  of  iron 
ore  of  high  quality  are  reported  to  occur  in  several  places,  but 
beyond  a  little  desultory  work,  nothing  has  been  dene  in  the  way 
of  opening  them  out. 

A  good  deal  of  zinc  ore  is  raised  in  the  Colony  ;  between  the 
years  1878  and  1894,  zinc  to  the  amount  of  522  tons,  valued  at 
£10,379,  was  exported.  In  1894  the  quantity  exported  was  38 
tons,  valued  at  £472. 

Western  Australia, 

Gold. — Although  small  patches  of  more  or  less  auriferous  drift 
occur  in  various  localities  scattered  over  this  portion  of  the  Australian 
continent,  gold  has  only  been  discovered  comparatively  recently  in 

1  The  Province  of  South  Australia:  H.  D.  Wilson  on  the  Northern  Territory, 
1894,  p.  434. 
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paying  quantities.  Among  other  places  it  occurs  at  Peterwangy,  in 
alluvial  detritus,  the  bed-rock  consisting  of  granulite  intersected  by 
trap  dykes,  and  towards  the  lower  ground  overlain  by  beds  of  nodular 
ironstone,  sandstone,  and  grit.  The  result  of  prospecting  in  this 
place  was  the  discovery  of  some  minute  sjDecks  of  gold  in  quartz 
enclosed  in  greenstone.  Quartz  veins,  varying  from  the  width  of 
a  sheet  of  paper  to  several  feet  in  thickness,  are  found  traversing 
the  older  rocks,  wherever  they  reach  the  surface,  but  do  not  extend 
into  the  more  recent  formations.  The  quartz  enclosed  in  granite 
is  usually  more  transparent  than  that  of  veins  traversing  sedi- 
mentary rocks,  which  frequently  bears  a  close  resemblance  to  the 
veinstone  of  the  auriferous  reefs  of  Victoria,  and  often  contains 
considerable  quantities  of  iron  pyrites.  The  general  strike  of  these 
veins  varies  from  north  and  south  to  north-east  and  south-west, 
in  which  directions  they  may  sometimes  be  traced  for  long 
distances. 

About  the  year  1887,  some  rich  finds  of  gold  were  made  in  the  ex- 
treme south  of  the  Colony,  and  in  a  wonderfully  short  time  an  immense 
nvimber  of  gold-mining  companies  were  formed,  a  veritable  mania 
for  these  having  set  in  in  England;  so  much  so,  that  iu  1894  there 
were  over  a  hundred  registered  in  London,  with  a  nominal  capital 
of  nearly  eight  and  a  half  millions  sterling.  Their  inception  may 
be  said  to  date  from  1891,  and  by  1896  a  great  deal  of  mining  was 
being  done,  although  the  depth  attained  by  any  of  the  mines  was 
still  inconsiderable.  This  movement  was  greatly  helped  by  the 
surface  richness  of  many  of  the  mines,  as  for  instance  Bailey's 
Reward,  which  yielded  at  first  at  the  rate  of  15  ounces  to  the  ton, 
although  subsequent  crushings  gave  a  very  much  smaller  return, 
having  dropped  to  15  pennyweights  in  1896.  By  the  end  of  1894 
the  following  gold-fields  were  officially  ^  declared  : — 

Kimberley 47,000  square  miles. 

Pilbarra 32,000 

Ashburton 8,200 

Murchison 32,000 

Yilgarn 24,000 

Coolgardie 21,500  ,, 

East   Coolgardie     .     .     .  44,200 

Dundas 16,000 


Total  area     .     .  224,900 

^  Report  on  the  DejKirtment  of  Mines,  Western  A  nstralia,  for  1894,  p.  4. 
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The  reports  of  the  Department  of  Mines  give  the  most  meagre 
inforaiation  as  to  the  nature  of  these  deposits.  The  most  vakiable 
publication  on  them  so  far  is  a  report  by  Bergrath  Carl  Schmeisser  ^ ; 
according  to  him  the  deposits,  in  addition  to  alluvial,  occur  in  two 
distinct  forms,  quartz  fissure  veins,  and  what  are  known  in  West 
Australia  as  lode  formations. 

The  strata  composing  the  gold-fields  appear  to  consist  of 
metamorphic  rocks,  such  as  slates,  quartzites,  chloritic  schists,  &c., 
steeply  inclined,  striking  about  N.N.E. — S.S.W.,  and  overlying 
granitic  rocks.  Numerous  dykes  of  diorite  and  diabase  of  great 
extent  and  thickness  traverse  both  the  granite  and  the  sedimentary 
rocks  in  a  direction  about  parallel  to  the  strike  of  the  latter ;  dykes 
of  felsitic  porphyry  also  occur,  but  less  commonly  than  the  two  first- 
named  erujjtives.  All  these  eruptive  rocks,  together  with  the 
granite,  have  been  decomposed  to  depths  of  between  70  and  150 
feet,  being  changed  into  more  or  less  pure  kaolin.  All  these  rocks, 
sedimentary  and  igneous,  are  traversed  by  numerous  veins  of 
quartz,  coursing  approximately  north  and  south,  or  within  a  few 
degrees  on  either  side  of  this  bearing,  with  a  prevalent  dip  to  the 
west,  many  of  these  veins  occurring  in  groups.  They  vary  greatly 
in  width,  from  a  few  inches  to  30  or,  exceptionally,  80  feet.  There 
is  often  a  want  of  regularity  both  as  regards  continuity  in  length 
and  permanence  in  depth,  whilst  some  of  the  deposits  are  of  a. 
lenticular  character ;  contact  deposits  are  occasionally  met  with. 

The  so-called  lode  formations,  which  may  be  provisionally 
classed  as  stockworks,  consist  of  more  or  less  altered  country  rock,, 
intersected  by  a  network  of  small  veinlets  of  quartz ;  they  occur 
chiefly  in  diorite  and  diabase.  Their  thickness  is  considerable,, 
varying  from  a  few  feet  to  over  a  hundred,  and  they  often  pinch  out 
entirely.  The  more  numerous  the  quartz  veinlets  and  the  more 
cellular  the  character  of  the  quartz,  the  richer  is  the  deposit. 

The  footvvall  is  usually  the  better  defined,  the  hanging  wall 
generally — though  occasionally  the  footwall  also — passing  gradually 
into  the  normal  country  rock.  Slickensides  are  often  met  with.. 
There  are  also  instances  of  dykes  of  felspathic  23orphyry,  much  decom- 
posed, being  intersected  by  a  network  of  quartz  veinlets.  Schmeisser 
states  that  both  the  quartz  veins  and  the  stockwork-like  deposits 
occupy  fault-fissures.  In  the  latter  case  he  considers  that  great 
masses  of  country  rock  have  been  included  in  these  faults,  crushed 
and  triturated,  thus  affording  ready  access  to  mineralising  solutions. 

1  "  Die  gegenwiirtige  Lage  des  Goldbergbaues  in  Westaustralien,"'  Zeitschrift  f. 
Prcdi.  Giol.,  1896,  p.  174. 
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Boththe  fissure  veins  and  the  veinlets  of  the  stockworks  are  filled 
with  quartz,  carrying  free  gold  ;  in  depth,  iron  and  arsenical  pyrites, 
and  occasionally  galena  and  copper  pyrites  are  met  with.  The 
richness  of  the  quartz  veins  is  very  variable,  and  there  is  a  strong 
tendency  for  the  gold  to  run  in  chutes,  dipping  in  the  direction  of 
the  strike  of  the  deposit.  The  outcrops  are  often  very  rich  either 
in  continuous  stretches  or  in  pockets,  whereas  the  ore  in  dejDth  gets 
very  much  poorer,  even  to  barrenness.  It  is  worth  recording  that 
in  a  little  quartz  vein  on  the  Devon  Consols  claim,  near  the  Black 
Flag,  at  six  feet  below  the  surface,  a  mass  of  gold  weighing  303i 
ounces,  and  nearly  free  from  any  admixture  of  quartz,  was  met 
with.  Schmeisser  points  out  that  nothing  definite  can  be  said  as 
yet  as  to  the  probability  of  these  deposits  being  permanent  in 
depth.  The  following  table,^  from  official  sources,  shows  the 
quantity  and  value  of  gold  obtained  since  1886  : — 

Quantity  and  Total  Value  of  Gold,  the  Produce  of  Western  Australia, 
entered  for  export  fr03i  1886  to  1895  inclusive,  showing  the 
Quantity  obtained  from  each  Gold-field. 


Year. 

Kimber- 
ley. 

Pilbarra. 

Yilgarn. 

Ash- 
burton 

Murchison 

Dun- 
das. 

Cool- 
gardie. 

Totals. 

1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 

Oz. 

302 

4,873 

3,493 

2,464 

4,474 

2,699 

1,089 

1,621 

589 

877 

Oz. 

11,170 
16,055 
11,875 
12,893 
11,698 
16,255 
19,522 

Oz. 

1,859 
2,277 
12,8.33 
21,209 
75,745 
31,498 
19,748 

Oz. 

839 

468 
285 
541 

Oz. 

2,064 
24,,357 
21,211 
52,946 
65,477 

Oz. 

148 
228 
242 

Oz. 



105,330 
125,106 

Oz. 

302 

4,873 

3,493 

15,493 

22,806 

.30,311 

59,548 

110,891 

207,131 

231,513 

1,148 

18,517 

13,273 

58,872 

86,6&4 

115,182 

226,284 

421, .385 

787,099 

879,748 

Totals 

22,481 

99,468 

165,169 

2,133 

166,055 

618 

230,436  1  686,361 

1 

2,608,172 

Note. — The  gold  is  officiallj'  valued  at  £3  16s.  per  oz. 


Other  Metals. — In  the  Champion  Bay  district  both  lead  and 
copper  ores  have  been  found  in  gneissic  rocks  associated  with  granite, 
greenstone,  &c.,  and  have,  in  some  cases,  been  followed  to  depths  from 
the  surface  exceeding  fifty  fathoms.  The  general  indications  pointing 
to  the  presence  of  a  lode  are  the  occurrence  of  dykes  of  diorite  or 
felsite,  by  which  the  metamorphic  rocks  have  been  fissured  and 

1  The  Mining  Journal,  Feb.  22nd,  1896. 
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faulted,  accompanied  by  masses  of  quartz  and  outcrops  of  pul- 
verulent gossans.  It  is  only  at  certain  points,  however,  along 
the  course  of  a  lode  that  the  veinstone  reaches  the  surface,  as  a 
covering  of  soil  frequently  hides  the  rocks  from  view,  and,  generally 
speaking,  lodes  have  not  been  prospected  for,  except  where  fragments 
of  ore  had  been  previously  picked  up  on  the  surface.  According 
to  Mr.  H.  Y.  L.  Brown,  whose  report  was  published  in  1873,  ten 
mines  had,  previous  to  that  date,  been  opened  in  this  district  for 
copper  and  lead,  but  of  these  only  two,  the  Geraldine  and  the 
Oakajee,  were  then  in  operation.^ 

The  chief  cause  of  the  abandonment  of  many  of  these  mines 
was  want  of  capital  and  unskilful  working.  From  a  consideration, 
hoAvever,  of  the  numerous  outcrops  of  ore  at  the  surface,  the 
number  and  size  of  the  veins  met  wdth,  and  the  amount  of  ore 
raised  at  very  moderate  depths,  he  is  inclined  to  believe  that  this 
district  affords  an  advantageous  field  for  the  judicious  employment 
of  capital. 

The  following  information  with  regard  to  the  depth  of  the 
lowest  workings,  and  the  quantity  of  ore  raised,  was  all  that  Mr. 
Brown  was  enabled  to  gather  from  authentic  sources : — 


Deepest 

Ore  in  Tons. 

Date. 

Value  at 
Swansea. 

Name  of  mint-.           j^^-gj_ 

Lead. 

Copper. 

Huel  Fortune    . 
Geraldine  .    .    . 
Tanganooka  .    . 
G walla    .... 
Wanerenooka    . 
Gelira      .... 

Feet. 
300 
320 
108 
200 
180 
100 

2,475 
1,6.34 

985 

458 
901 

300 

1862  to  1868 
Nov.  1869  to  Dec.  1870 

£ 

5,881 
16,573 

The  total  amount  of  lead  ore  exported  from  1860  to  1865  was 
1,363  tons.  The  amount  of  copper  ore  exported  during  the  same 
period  was  4,-500  tons.  In  the  month  of  April,  1881,  seven  lead 
mines  were  working  in  the  Victoria  district  of  Western  Australia, 
the  production  for  the  year  previous  having  been  1,430  tons  of  ore, 
valued  at  £10,579.  There  was  also  one  copper  mine  in  operation 
which,  during  the  same  year,  yielded  one  ton  of  copper  ore,  valued 

^  General  Report  on  a  Geological  Exploration  of  that  portion  of  the  Colony  of 
Western  Anstralia  lying  soitthivard  of  the  Murchison  Fiver,  and  loestward  of 
Esjyerance  Bay,  Perth,  1873. 
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at  £15.  Up  to  the  end  of  1893  the  total  i3roduction  of  lead  ore  is 
given  as  34,000  tons,  worth  £169,000,  and  of  copper  ore  as  8,530 
tons,  worth  £144,000.  In  1894  there  were  822  tons  of  copjDor  ore 
worth  £8,220  produced.  Tin  ore  has  been  discovered  in  com- 
paratively recent  times  in  the  district  of  Greenbushes,  about  120 
miles  south  of  Perth,  the  capital.  Alluvial  tin  alone  has  been 
worked  so  far;  its  production  to  the  end  of  1892  was  827  tons, 
valued  at  £41,350.  In  1893  it  was  228  tons,  valued  at  £11,400, 
and  in  1894  it  was  390  tons,  valued  at  £15,274.  The  value  of  the 
total  mineral  production  of  West  Australia  in  1894  was  accord- 
ingly £811,078. 

Tasmania. 

In  addition  to  coal,  anthracite,  and  iron  ores,  Tasmania  produces 
gold,  silver,  tin  and  bismuth,  besides  which  galena  and  copper  ores 
have,  in  limited  quantities,  been  found  in  various  parts  of  the  island. 
Coal  and  iron  ores  are  especially  abundant,  a  large  deposit  of  the 
latter  at  Ilfracombe,  eight  miles  from  the  River  Tamar,  beino- 
described  as  yielding  a  brown  haematite  of  exceptionally  good 
quality.  The  mineral  resources  of  the  colony  were  for  many  years 
somewhat  neglected,  but  it  is  now  divided  into  six  mining  dis- 
tricts and  a  Department  of  Mines  ^has  been  established.  Mining 
enterprise  in  Tasmania  received  a  great  impetus  at  the  end  of 
1872,  by  the  discovery  of  extensive  deposits  of  tin  ore  at  Mount 
Bischoff,  in  the  north-west  portion  of  the  island.  Tin  has  since 
been  found  distributed  over  a  considerable  extent  of  territory,  near 
the  north-east  corner  of  Tasmania,  and  has  now  become  one  of  its 
most  important  productions. 

Gold. — Gold  is  obtained  both  from  recent  alluviums  and 
from  quartz  reefs ;  auriferous  Tertiary  drifts,  believed  to  be  of 
Pliocene  age,  also  occur,  but  hitherto  they  have  not  been  very 
extensively  worked,  although  batteries  have  been  erected  for  the 
treatment  of  cement. 

Reef  gold  ^  is  found  more  or  less  in  all  the  districts  where  older 
Palaeozoic,  especially  Silurian,  rocks  occur ;  the  Beaconsfield, 
Lefroy,  Matthina,  Mount  Victoria,  Mount  Horror  and  Gladstone 
gold-fields,  besides  others,  lie  upon  rocks  belonging  to  this  period. 
The  Middlesex  and  Bell  Mount  fields  ajjpear,  however,  to  be  Upper 
Silurian.      At    the    Lisle    and    Golconda    fields,    gold    occurs    in 

1  ^\Iuch  of  the  following  information  is  taken  from  Mr.   A.   Montgomerj-'s 
Ijamphlet  on  The  Mineral  Resources  of  Tasmania,  1894,  p.  5,  et  seq. 
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veins   in  an   intrusive  granite.     The  following  table  ^   shows  the 
relative  importance  of  the  various  gold-fields  : — 

Production  of  Gold  ix  the  Various  Minixo  Districts  of  Tasmania  between 
THE  Years  1866  and  1890. 


Quantity  of  gold  got. 


District. 


Alluvial. 


]  Oz. 

Beaconsfield  ........  33,896 

Lefroy  and  Back  Creek  .    .    .    .   :  9,378 

Lisle 74,760 

Fingal,  Mangana,  and  Matthina  9,261 

West  Coast ,  26,907 

Mount  Victoria !  —  _ 

Denison,  (Tolconda ■  o35 

Other  localities \  4,374 

i 

Totals 159,111 


Quartz. 


Oz. 

296,634 

85,093 

29,088 
3,180 

10,031 
3  242 
2^246 


Total. 


Oz. 

330,5.30 

94,471 

74,760 

38,349 

30,087 

10,031 

3,777 

6,620 


Percentage 
of  Total. 


56-15 
16  05 
12-70 
6-52 
5-11 
1-71 
0-64 
1-12 


429,514    588,625  \   100-00 


The  Beaconsfield  gold-field  is  in  the  county  of  Devon  ;  the 
shallow  alluvial  has  been  almost  exhausted,  but  the  existence  of  a 
deep  lead,  270  feet  below  sea-level,  has  been  proved ;  it  seems  to 
be  of  Miocene  age. 

The  principal  mine  in  the  gold-field  is  owned  by  the  Tasmanian 
Gold  Mining  and  Quartz  Crushing  Company,  Eegistered.  From 
the  date  of  its  discovery  in  1877  up  to  1894  there  have  been 
246,886  tons  of  quartz  crushed  for  a  yield  of  314,987  ounces,  worth 
£1,131,829,  the  average  yield  being  thus  1  oz.  5  dwt.  12  gr.  of  gold 
to  the  ton.  The  main  shaft  is  730  feet  deep,  and  the  only  difficulty 
seems  to  be  that  a  large  amount  of  water  has  to  be  contended 
against.  During  six  months'  work  in  1894  a  total  of  4,032  tons 
were  crushed,  yielding  8,755  ounces  of  gold  together  with  a 
quantity  of  auriferous  concentrates  not  yet  treated;  as  this  yield  is 
over  2  oz.  3  dwt.,  it  would  seem  that  this  mine  is  certainly  not 
getting  poorer  in  depth. 

At  the  Lefroy  field,  in  the  county  of  Dorset,  a  number  of 
parallel  reefs,  running  about  east  and  west,  are  being  worked : 
some  of  these  have  yielded  very  well,  but  have  rather  fallen  off 
recently.  In  the  Lisle  fields  most  of  the  alluvial  has  been  worked 
out,  though  some  high  lying  terraces,  comparatively  poor,  still 
remain,  which  would  pay  well   to   "  hydraulic,"  if  water  could  he 


O^J.  I'it.  p.  5. 
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brought  on  to  tliem.  Xo  reefs  of  sufficient  importance  to  account 
for  the  amount  of  rich  alluvial  got  here  have  yet  been  discovered  ; 
it  is,  however,  noteworthy  that  the  bed  rock  consists  of  the  same 
granite  as  that  in  which  the  Golconda  gold-quartz  reefs  occur. 

The  basin  of  the  King  River  has  pelded  a  good  deal  of  alluvial 
gold,  some  of  which  has  possibly  been  derived  from  deposits  such 
as  that  at  Mount  Lyell,  to  be  presently  described.  The  heaviest 
nugget  yet  found  in  the  colony,  namely,  243  ounces,  was  found  in 
the  Rocky  River  in  the  year  1883. 

The  total  ^  output  of  gold  in  Tasmania  since  the  commencement 
of  mining  operations  to  the  end  of  1894  is  given  as  763,714  ounces, 
worth  £2,908,-512. 

The  following  table  ^  shows  the  iDroduetion  of  reef  and  alluvial 
gold  in  the  colony  since  1880  : — 

Table  showing  the  Productiox  of  Reef  axd  Allu^t-Al  Gold  ix  Tasmania 
DURING  the  Years  1880  to  1894. 


Total  Gold. 

■  Year. 

Reef  Gold. 

Alluvial  Gold. 

Quantity. 

Value. 

Oz. 

Oz. 

Oz. 

£ 

1880 

.34.34.5 

18,2.50 

52,.595 

201,297 

1881 

45,776 

10.917 

56,693 

216,901 

1882 

.36,215 

12,907 

49,122 

187,337 

1883 

.36,672 

9.906 

46,578 

176,442 

1884 

30,.540 

11,8<HI 

42,340 

160,404 

188.5 

33,266 

7.975      ■ 

41.241 

155.309     - 

1886 

!         25,004 

6,011 

31,015 

117.250 

1887 

33,427 

9,182 

42,609 

158..533 

1888 

34,156 

5,455 

39,611 

147.154 

1889 

33,069  3 

•> 

32.333  3 

119,703 

1890 

17.829 

2,681 

20,510 

75,888 

1891 

.33,659 

5,1.30 

.38,789 

145,459 

1892 

34,. 386 

7,992 

42,378 

158,917 

1893 

30,163 

7,524 

37,687 

141,. 326 

1894 

52,239 

5,634 

57,873 

217,024 

The  output  for  189-5  is  given  as  -59,964  ounces. 

Silver. — About  the  year  188-5  a  number  of  valuable  silver 
deposits  were  discovered,  and  soon  afterwards  were  opened  up  in 
what  is  generally  spoken  of  as  the  Zeehan  and  Dundas  districts  ;* 

1   Op.  rif.  p.  10. 

-  '  Beport  of  the  Secretary  for  Alines  for  1S94-5,' p.  11. 

'  Thus  in  the  original.     Numerous  discrepancies  unfortunately  occur  in  all  the 
Ta.smanian  statistics. — H.  L. 

*  A.  Montgomery,  The  Mineral  Besources  of  Tasmania,  p.  11. 
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the  neighbouring  fields  of  Heazlewood  and  Waratak  may  be  con- 
sidered with  these,  as  their  structure  is  essentially  similar.  The 
Zeehan  and  Dundas  fields  ^  consist,  geologically  speaking,  of  a  com- 
plicated series  of  ancient  slates,  sandstones,  limestones,  &c.,  much 
folded,  contorted,  and  broken  through  by  igneous  intrusions  of 
various  ages.  Interstratified  amongst  these  rocks  are  beds  of 
volcanic  materials,^  ancient  lava  flows  and  ash  deposits,  that  are 
known  locally  as  white  country,  and  which  may  fairly  be  classed  as 
rhy elite  and  rhyolite-tuff;  their  exact  relations  to  the  surrounding 
rocks  are  by  no  means  clear.  The  sedimentary  rocks  seem  to  be 
Upper  Silurian  or  Devonian  in  age ;  they  strike  generally  N.N.W. 
— S.S.E.,  and  dip  in  varying  directions,  forming  probably  an  anti- 
clinal ridge  in  the  Zeehan  field  ;  the  Dundas  rocks  seem  to  be 
rather  older  and  dip  at  high  angles,  forming  also  a  saddle  between 
Mount  Dundas  and  Mount  Reid.  The  igneous  rocks  are  granite, 
serpentine  and  diabase,  the  latter  being  of  very  small  importance. 
Dykes  of  quartz  porphyry,  doubtless  connected  with  the  main 
granite  mass,  penetrate  the  slates  in  several  places.  In  this 
district,  as  in  other  parts  of  Tasmania,  tin  ore  occurs  in  connection 
with  the  granite,  but  its  occurrence  seems  not  to  be  connected  with 
the  silver-bearing  lodes.  The  serpentine  seems,  however,  to  have 
a  close  connection  with  the  silver  deposits,  many  of  which  are 
enclosed  in  it.  The  serj^entine  appears  to  be  an  altered  dolerite  or 
gabbro  ;  it  generally  contains  magnetite  and  occasionally  chromite, 
and  at  Heazlewood  also  zaratite.  When  lodes  carrying  galena  pass 
through  the  serpentine,  their  gossans  generally  carry  a  good  deal 
of  crocoisite,  the  chromic  acid  of  which  is  probably  derived  from 
the  serpentine. 

The  Zeehan  and  Dundas  fields  are  traversed  by  two  sets  of 
lodes,  one  striking  between  N.W.  and  N.N.W.,  and  the  other 
between  N.N.E.  and  N.E.  Their  relations  to  each  other  are  not 
yet  known,  but  the  vein- stuff  in  both  groups  seems  to  be  similar, 
and  both  seem  to  be  fissure  veins.  The  gangue  is  chiefly  spathic 
ore,  sometimes  with  carbonate  of  manganese,  quartz  and  more  or 
less  decomposed  slate  ;  the  metallic  minerals  are  galena,  fahlore, 
blende,  iron  and  copper  pyrites,  and  other  sulphides,  the  two  first- 
named  carrying  the  bulk  of  the  silver.  The  vein  contents  are 
often  banded,  or  at  times  brecciated  in  structure.  The  pay-ore 
seems  to  be  concentrated  in  shoots  that  are  rarely  extensive.     The 

^  '  lieport  of  the  Secretary  of  Mines,''  1893,    Special   Report   on  the  Mineral 
FielcU  of  the  County  of  Monta(ji(,  by  Mr.  A.  ^lontgomer}',  page  1. 
-  Do.,  do.,  1894,  p.  xxxviii. 
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gossans  consist  largely  of  oxides  of  iron  and  manganese,  with 
oxidised  compounds  of  the  other  metals,  and  are  usually  very  poor 
in  both  lead  and  silver,  and  often  continue  poor  down  to  the  level 
of  the  unoxidised  ore,  which  is  generally  well  below  water-level, 
though  sometimes  a  rich  zone  carrying  chloride  of  silver  has  been 
met  with  above  the  undecomposed  ore.  The  veins  are  generally 
from  two  to  six  feet  in  width,  and  the  wider  the  vein  the  more 
complete  does  the  conversion  of  the  ore  into  gossan  appear  to  be. 
It  is  noteworthy  that  the  rich  parts  of  the  veins  seem  to  be  prac- 
ticall}'  confined  to  the  beds  of  ivhite  country.  In  Dundas  the  best 
deposits  seem  to  be  contact  deposits  between  serpentine  and  the 
stratified  rocks. 

Besides  the  fissure  veins,  there  appears  to  be  a  tendency  to  form 
irregular  deposits  in  some  of  the  calcareous  strata.  The  ore 
produced  by  concentration  is  fairly  rich,  averaging  about  G4  per 
cent,  of  lead  and  ^o  ounces  of  silver  to  the  ton,  although  parcels 
assaying  over  100  ounces  are  not  uncommon. 

The  leading  mine  on  the  Zeehan  field  is  the  Western,^  which  up 
to  March,  1894,  had  produced  6,903  tons  of  ore,  worth  £80,941,  the 
main  shaft  being  down  to  a  depth  of  275  feet  at  that  date.  The 
Silver  Queen  mine  has  produced  over  G,000  tons  of  ore,  carrying 
over  half  a  million  ounces  of  silver.  At  Dundas,  the  Maestries 
Broken  Hill  and  Comet  mines  are  the  most  important.  The 
following  is  given  as  the  ajjproximate  exportation  of  silver  ore 
from  this  district : — - 

1889 200  tons 

1890 500     „ 

1891 2,000     „ 

1892 7,800     „ 

1893 13,400     „ 

The  Heazlewood  Mine  at  Heazlewood,  and  the  Silver  Cliff 
Mine  at  Waratah  have  also  turned  out  a  great  deal  of  rich  ore. 

There  are  numerous  other  districts  in  the  colony  where  silver 
ores  occur,  mostly  as  argentiferous  galena.  On  the  Whyte  River  a 
vein  of  silver  ore  occurs  at  the  contact  of  serpentinous  dolerite  and 
metamorphic  sandstone,  very  much  like  some  of  the  occurrences  on 
the  Dundas  field. 

Including   the   argentiferous    copper    ore  produced    at  Mount 

^   y/ie  Mineral  Resources  of  Tasmania,  p.  12. 
-  '  Report  of  the  Secretary  of  Mines,  1893,'  p.  6. 
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Lyel],  the   following  is  given  as  the   output   of  silver  ores  in  this 
colony  during  recent  years  : — -^ 


Production  of  Silver  Ore  ix  Tasmania. 


Year. 

Ore  produced. 

Value. 

Statute  tons. 

& 

1888 

417 

5,838 

1889 

415 

7,044            1 

1890 

2,053 

26,487 

1891 

4,810 

.-)2,284 

1892 

9,326 

45,502 

1893 

14,302 

198,610 

1894 
Totals 

27,263 

327,152 

58,586 

662,917 

Copper. — Copper  is  known  to  occur  in  various  places,  but  the 
chief  deposits  are  those  situated  in  the  West  Coast  range,  the  best 
known  of  which  is  at  Mount  Lyell.  This  mine  was  discovered  in 
1886,  and  was  worked  up  till  1890  as  a  gold  mine,  the  ore -con- 
sisting of  dense  dark  hoematite  and  friable  limonite,  both  carry- 
ing gold,  and  the  latter  being  especially  rich,  averaging  between 
20  and  25  dwt.  of  gold,  and  from  20  to  25  oz.  of  silver  to  the 
ton.  It  was  soon  found  that  this  was  merely  the  gossan  of  a 
huge  mass  of  pyrites,  quite  corai^arable  with  those  of  the  Huelva 
district.  Nothing  is  known  as  yet  about  the  geology  of  the 
district,  or  whether  this  deposit  occurs  in  connection  with 
io-neous  rocks,  as  has  so  often  been  seen  to  be  the  case  in  other 
countries.  As  far  as  known,  it  is  a  mass  of  nearly  pure  massive 
pyrites,  at  least  300  feet  thick  and  800  feet  long,  lying  in  ribs 
parallel  to  the  walls  of  the  deposit  and  to  the  stratification  of 
the  enclosing  country  rocks.  It  seems  to  contain  on  an  average 
about  4i  per  cent,  of  copper,  2  oz.  of  silver,  and  3  dwt.  of  gold 
to  the  ton,  or  a  value  per  ton  of  about  £2  19s.  On  one  wall 
there  is  in  the  deposit  a  vein  of  quartz  carrying  fahlore  and 
other  sulphide  ores,  very  rich  in  silver,  which  is  present  to  the 
amount  of  between  300  and  6,000  ounces  to  the  ton.  Up  to  the 
end  of  June,  1894,^  the  ore  got  from  this  vein  amounted  to  478 

^  The  Mineral  Bemurces  of  Tasmania, -p.  14. 

-  '  Beport  of  the  Secretary  of  Mines  for  1893'.-  S2^ecial  Reiiort  on  Jhe  Mount 
Lyell  Mine,  p.  1. 

2  The  MineraJ  Resources  of  Tasmania,  p.  15. 


PART  II  TASMANIA  709 

tons,  containing  o71,003  ounces  of  silver  and  112  tons  of  copper. 
Up  to  the  end  of  ISO-Jt  the  production  of  copper  ore  was  930 
tons,  and  its  vakie,  excluding  that  of  its  gold  and  silver  contents, 
was  about  £8,000.  This  mine  has  recently  (1896)  been  thoroughly 
examined  by  E.  D.  Peters,  whose  opinion  of  it  is  highly  favourable, 
and  smelting  plant,  in  accordance  with  his  advice,  is  being  erected. 
Other  similar  deposits  appear  to  exist  in  the  neighbourhood. 

Tix. — Tin  occurs  very  widely  distributed  in  Tasmania  in 
connection  with  granitic  rocks,  in  lodes  or  veins,  in  stockworks, 
and  in  ancient  and  recent  alluvial s.  Mount  Bischoff,  where  dis- 
coveries of  tin  ore  were  first  made,  is  situated  in  the  north- 
western portion  of  the  island,  and  is  distant,  by  the  present 
route,  fifty-four  miles  from  the  port  at  which  the  ore  is  shipped. 
Its  vicinity,  generally,  is  covered  with  thick  forests  of  myrtle, 
while  the  summit  of  the  mountain,  where  the  tin  principally 
occurs,  is  so  densely  shrouded  by  an  almost  impenetrable  jungle 
that  even  an  approximate  estimate  of  the  area  of  the  stanniferous 
ground  becomes  somewhat  difficult. 

According  to  Mr.  S.  H.  Wintle,^  Mount  Bischoff  has  an  alti- 
tude of  about  3,500  feet  above  the  sea,  and  is  but  little  more 
than  1,000  feet  above  the  surrounding  basaltic  table-land,  the 
ascent  from  the  coast  beins;  somewhat  tiradual.  The  rock  consists 
of  an  eruptive  curite-porphyry,  which  forms  a  crescent-shaped 
ridge  at  the  summit,  of  which  the  extremities  are  not  more  than 
a  quarter  of  a  mile  apart,  the  intermediate  space  thus  forming 
a  horseshoe-shaped  basin-like  depression.  It  is  here  that  the 
richest  deposits  of  tin  ore  occur.  This  basin  looks  towards  the 
south,  and  presents  a  natural  outlet  to  the  surrounding  table- 
land, Avhile  the  northern  and  western  slopes  are  exceedingly  steep, 
forming,  on  an  average,  an  angle  of  35'  with  the  horizon.  The 
porphyry,  which  is  the  chief  matrix  of  the  tin  ore,  has  burst 
through  transition  strata  reposing  on  the  slopes  of  the  mountain, 
displacinor,  contortino-  and  foldino-  them  in  a  most  fantastic  manner. 
The  dykes  appear  to  be  of  three  kinds,  eurite,  quartz-porphyry,  and 
topaz-porphyry,-  the  latter  being  the  rock  with  which  the  ore 
deposits  seem  more  especially  to  be  connected.  These  strata 
chiefly  consist  of  clay  slate,  sandstone,  and  other  quartzose  rocks, 
the  former  being  frequently  charged  with  iron  pyrites  and  stannite. 

1  "Stanniferous  Deiwsits  of  Tasmania,"  Trans.  Boy.  Soc.  of  Xew  South  Wales, 
ix.  1875,  p.  87. 

-  H.  W.  F.  Kaj-ser,  Mount  Bischoff.  Aiistralanau  Association  for  the  Advance- 
ment of  Science,  January  8,  1892. 
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The  tin  ore  (cassiterite)  traverses  the  porphyry  in  strings  and  lodes, 
the  breaking  up  of  wliich,  subsequent  to  the  decomposition  and 
disintegration  of  the  surrounding  jDorphyry,  has  probably  been  the 
cause  of  an  accumulation  of  tinstone  on  the  slopes  of  the  mountain 
in  the  form  of  a  talus.  It  was  this  stream  tin  that  first  drew  the 
attention  of  prospectors,  and  it  Avas  only  Avhen  it  was  being  worked 
that  the  deposits  in  solid  rock  were  discovered.  The  ore  is  not 
equally  distributed  over  the  surface,  but  is  generally  found  accumu- 
lated in  patches  of  limited  extent.  In  illustration  of  this  fact  it 
may  be  mentioned  that  on  one  section  240  tons  of  tin  ore  were 
taken  from  an  area  of  wash-dirt  only  sixty-six  feet  square,  while  at 
a  distance  of  twenty  5^ards  on  either  side  of  the  cutting  scarcely  a 
trace  of  tinstone  could  be  found.  Some  of  the  masses  of  ore  taken 
from  the  dirt  on  this  claim  weighed  as  much  as  six  cwts.,  and  not 
a  few  of  them  were  almost  entirely  free  from  matrix.  It  appears 
somewhat  remarkable  that  only  one  well-defined  lode  had,  up  to 
the  beginning  of  1875,  been  laid  bare  in  this  district,  although 
surface  mining  had  then  been  in  active  operation  for  more  than 
two  years.  Other  so-called  lodes  are  now  known,  but  the  true 
character  of  the  deposit  is  far  from  being  understood. 

Although  the  porphyry  is  the  chief  source  of  the  ore,  there 
are  also  rich  deposits  consisting  of  tin  ore  and  hj^drated  oxide 
of  iron,  in  which  a  face  has  been  opened  up  to  a  depth  of  30 
feet.  Ascending  the  slope  of  the  basin  in  the  direction  of  the 
top  of  the  mountain,  the  tin  ore,  iron  ore  and  sand  assume  a 
cemented  condition,  and  finally,  at  the  summit,  appear  in  cliff- 
like masses  of  conglomerate  composed  of  a  mixture  of  oxide  of 
tin,  iron  oxide  and  silica,  sufficiently  hard  to  require  blasting.  So 
rich  in  tinstone  is  this  formation  that  blocks,  weighing  several 
cwts.,  of  nearly  pure  tin  oxide  may  sometimes  be  broken  from 
it.  This  deposit,  which  is  known  as  the  North  Lode,  can  be  traced 
for  a  distance  of  about  half  a  mile.  Small  grains  of  native  copper 
have  been  found  associated  with  the  ferruginous  tin  ore,  while  rich 
argentiferous  galena  and  sulphides  of  antimony  and  zinc  occur  in 
adjoining  claims.  The  galena  is  accompanied  by  a  gangue  of 
tluor  spar  and  carbonate  of  iron,  but  the  only  veinstone  associated 
with  stibnite  and  blende  is  fluor  spar. 

That  Mount  Bischoff  has  been  subjected  to  much  dislocation 
is  evident  from  an  extensive  line  of  fault  running  north  and 
south,  by  which  the  whole  of  the  eastern  side  of  the  mountain 
side  has  been  depressed,  thus  producing  a  line  of  vertical  cliffs  in 
some  places  more  than   100  feet  in  height,  which  aftords  a  fine 


PART  II  TASMANIA  Til' 

section  both  of  the  intrusive  porphyry  and  of  the  contorted  sedi- 
mentary strata.  It  is  said  to  rain  at  Mount  Bischoff  three  days  out 
of  every  four,  the  result  being  that  all  vegetation,  as  well  as  the 
numerous  boulders  on  the  surface  of  the  ground,  are  thickly  covered 
with  moss.  The  gradual  decay  of  these  mosses  has  produced  a 
stratum  of  peat  often  five  feet  in  thickness,  which  constitutes  the 
only  '•'  stripping  "  of  the  miner,  as  the  tin  ground  lies  immediately 
beneath  it.  The  mine  was  discovered  in  1871,^  and  work  was 
started  towards  the  end  of  1873  ;  by  the  end  of  June,  1891,  the  ore 
produced  amounted  to  nearly  37,088  tons,  worth  £2,300,000,  almost 
exactly  one-half  of  which  sum  was  clear  profit. 

Mount  Ramsay,  which  is  situated  at  a  distance  of  about  ten 
miles  from  Mount  Bischofi",  attains  an  altitude  of  over  4,000  feet, 
and  is  essentially  composed  of  a  coarse-grained  schorlaceous  granite 
which  occasionally  passes  into  a  fine-grained  rock.  This  granite 
rises  in  the  form  of  three  lofty  peaks,  and,  unlike  Mount  Bischoff, 
the  older  Palaeozoic  strata  are  only  to  be  seen  mantling  around  its 
base.  The  tin  which  is  found  here  does  not  occur  in  such  large 
quantities  as  at  the  last-named  locality,  but  Mount  Eamsay  is  well 
known  for  a  large  and  rich  deposit  of  bismuth,  which  when  first 
discovered  was  mistaken  by  the  miners  for  tin  in  a  native  state. 
Later  investigations  seem  to  show  that  the  bismuth  occurs  here 
as  native  bismuth  disseminated  in  a  hornblendic  rock. 

Tin  ore  also  occurs  at  Wombat  Hill,  about  midway  between 
Mount  Bischoff  and  Mount  Bamsay,  and  at  Mount  Housetop, 
twenty  miles  from  the  north-west  coast  of  the  island,  where,  in 
both  instances,  it  is  found  in  granite.  The  cassiterite  is  sometimes 
associated  with  zircon  and  pleonaste.  On  the  east  coast  a  rich 
deposit  of  stream  tin  occurs  near  the  source  of  a  small  river  known 
as  the  Golden  Fleece,  and  the  stanniferous  district  extends  in 
a  south-easterly  direction  as  far  as  Falmouth  and  the  Mount 
Nicholas  Range.  More  recent  discoveries  show  that  a  tin- bearing 
countr}^  exists  for  a  great  distance  towards  the  north-west,  as  for 
instance  at  Boobyalla,  Mount  Cameron,  Mount  Horror,  and  in  the 
Ringarooma  district. 

The  last-named  district  has  been  most  extensively  worked,  the 
Rino^arooma  and  all  its  tributaries  being  rich  in  alluvial  tin 
deposits  ;  although  many  of  these  have  been  worked  out  to 
a  great  extent,  the  existence  of  a  deep  lead,  following  approxi- 
mately the  present  course  of  the  valley,  and  overlain  by  basalt, 
has  been  proved,  and  branches  of  it  have  been  worked. 
1  H.  W.  F.  Kayser,  oj).  cif.  p.  12. 
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This  deposit  was  probably  of  Miocene  age,  whilst  the  shallower 
deposits  range  from  this  period  up  to  recent  times.  The  Georges 
River  is  also  rich  in  alluvial  tin  deposits,  and  others  are  known  at 
Mount  Heemskirk,  Bell  Mount,  North  Dundas,  and  many  other 
places. 

Stockworks  of  tin  are  also  known  in  the  colony,  again  in 
granite,  which  seems  to  be  everywhere  the  matrix  of  the  tinstone, 
although  at  Mount  Lyell  tin  ore  is  found  in  Silurian  strata.  The 
tin  deposits  of  Tasmania  have  been  the  greatest  source  of  its 
mineral  wealth,  the  value  of  the  tin  ore  raised  exceeding  that 
of  all  the  other  minerals  together.  Tasmania  takes  rank  as  the 
third  largest  tin-producer  in  the  world.  The  following  table  ^ 
shows  the  production  of  tin  since  it  was  first  exported,  all  the 
ore  being  calculated  as  metal,  upon  well  ascertained  per- 
centages : — 

Table  showixg  the  Production  of  Tin  in  Tasmania  from  the  commence- 
ment IN  1873  to  the  end  of  1894. 


Year. 

Quantity. 

Value. 

Year. 

Quantity. 

Value. 

Tons.                      £ 

Tons. 

A 

1873 

3                    220 

1884 

3,698 

301,423 

1874 

100                 7,318 

1885 

4,242 

357,587 

1875 

366                31,325 

1886 

3,776 

363,364 

1876 

1.453                99,605 

1887 

3.6(1(5 

407,857 

1877 

4,760             296,941 

1888 

3,775 

426,326 

1878 

5,869              316,311 

1889 

3,786 

345,407 

1879 

4,378             .303,203 

1890 

3.213 

296,761 

1880 

3,953              341,736 

1891 

3,277 

293,170 

1881 

4,123             375,775 

1892 

3,195 

290,794 

1882 

3,647             361,046 

1893 

3,129 

260,219 

1883 

4,100             376,446 

1894 

3,145 

269,600 

Totals 

71,(394 

6,122,434 

Other  Metals. — A  lode  of  bismuth,  then  stated  to  be  one  of 
the  richest  in  the  world,  was  discovered  some  years  since  at  Mount 
Ramsay,  and  another  containing  stibnite  was  met  with  in  the 
Waratah  ComjDany's  claim.  Argentiferous  galena  has  been  found 
at  the  Penguin,  and  also  in  the  neighbourhood  of  Mounts  Roland 
and  Claude,  while  copper  ore  occurs  near  Campbelltown.  About 
1,500  tons  of  ironstone  were  raised  during  the  year  1881. 


7'Ae  Mineral  Resources  of  Tasmania,  p.  22. 
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The  production  of  Tasmania  in  189-1  is  given  as  follows  in  an 
official  return  : — 


Weight. 

Value. 

Gold      .     . 

.     oSjOoO  ounces     . 

.     £225,485 

Silver  ore  . 

.     ■21,^HU  tons 

293,043 

Copper  ore . 

•         125     „ 

5,000 

Tin  ore 

.       ^-.284    „ 

156,865 

Total  value  of  metallic  minerals      £680,393 


Xew  Zealand. 

A  considerable  proportion  of  the  population  of  Xew  Zealand  is 
occupied  in  gold  mining,  which,  during  the  last  thirty  years,  has 
been  one  of  the  most  important  industries  of  the  colony.  Ores  of 
various  other  metals,  such  as  copper,  silver,  lead  and  mercury, 
although  known  to  occur  in  various  localities,  have  not  hitherto 
been  extensively  worked. 

Gold. — According  to  a  memoir  by  Dr.  A.  Soetbeer^  about 
1,000  oz.  of  gold  were  obtained  at  Cape  Coromandel,  upon  the 
eastern  side  of  the  North  Island,  in  1852,  after  which  the  workings 
were  virtually  abandoned.  Four  years  subsequently  gold  mining 
was  commenced  in  the  province  of  Otago,  in  the  South  Island,  and 
in  1861  a  large  increase  in  the  gold  production  took  place  conse- 
quent on  the  discovery  of  rich  deposits  in  the  Tuapeka  River,  and 
and  at  the  Thames  gold-fields.  The  North  Island,  although  con- 
taining a  large  number  of  known  quartz  reefs,  has  produced  less 
gold  than  the  South  Island,  which  is  much  richer  in  alluvial 
deposits.  Its  most  important  districts  stretch  on  the  western  slope 
of  the  mountains,  from  Otago  on  the  south,  through  the  Westland 
gold-fields  to  those  of  North-west  Nelson  on  the  north. 

The  auriferous  drifts  of  New  Zealand  occur  in  three  distinct 
forms : — Firstly,  as  modern  alluvium  in  the  beds  of  streams  and 
rivers  ;  secondly,  as  more  ancient  deposits  often  occupying  the  sides 
of  valleys ;  thirdly,  as  sands  upon  the  seashore,  where,  by  the 
constant  action  of  the  waves,  a  process  of  continuous  concentration 
is  in  progress.  The  deposits  belonging  to  the  first-class  are  of  the 
-ordinary  kind,  and  exhibit  no  peculiarities  to  render  a  special 
description  necessary.     Deposits  of  the  second  class  are  sometimes 

^  "  Edelmetall-Produktion  unci  Werthverhaltniss  zwisclien  (toU  und  Silber," 
published  as  an  extra  number  of  Pettrmanii's  MitthtUungtn,  1S79. 
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of  great  thickness,  many  of  them  being  regarded  as  belonging  to 
the  lowest  Tertiary  deposits  of  the  colony.  They  are  frequently  so 
consolidated  as  to  form  a  compact  cement,  and  are  then  stamped 
and  treated  in  the  same  way  as  gold  quartz.  When  not  so 
cemented,  they  are  often  worked  by  the  Californian  process  of 
hydraulic  mining,  for  which  facilities  are  afforded  by  the  Govern- 
ment, which  has,  in  some  cases,  brought  in  the  necessary  water, 
which  is  supplied  to  the  miners  at  a  fixed  charge. 

Some  remarkable  deposits  of  auriferous  cements  are  worked  at 
the  Blue  Spur,  in  the  Otago  district.  The  Blue  S^Dur  cements 
are  enclosed  in  a  trough,  or  more  correctly,  a  basin,  since,  in  addi- 
tion to  the  bed-rock  on  Avhich  they  rest  as  in  a  trough,  the  schists 
to  the  north-west  and  south-east  rise  in  the  form  of  hills  which 
have  a  greater  elevation  than  is  at  present  assumed  by  the  cements 
themselves.  The  bed-rock  on  the  north-east  side  of  the  basin  is 
very  steep,  while  on  the  opposite  one  it  is  more  shelving;  the 
total  thickness  of  the  cements  is  regarded  by  the  officers  of  the 
Geological  Survey  as  being  at  least  300  feet. 

An  enormous  quantity  of  this  Spur  has  been  worked  away,  so 
that  what  remains  has  been  cut  into  deep  gutters,  and,  where 
sluicing  or  other  claims  have  been  for  a  long  time  in  operation, 
large  masses  of  the  hill  have  been  removed.  The  Spur,  therefore, 
which  must  formerly  have  possessed  a  configuration  similar  to  that 
of  the  surrounding  country,  now  presents  a  series  of  lofty  pinnacles 
and  steep  canons,  bearing  testimony  to  the  large  amount  of  work 
which  has  been  done.^  As  a  rule  the  rivers  of  New  Zealand  have 
extensively  eroded  their  beds  since  the  formation  of  the  older 
alluvium,  so  that  the  deep  leads,  which  often  in  other  countries 
can  only  be  reached  with  great  trouble  and  expense,  are  here 
exposed  in  the  declivities  of  valleys.  No  deep  leads  appear  to  be 
worked  under  a  capping  of  basalt,  as  is  the  case  in  Australia  and 
California,  and  the  extension  of  the  gold  districts  among  the  more 
recent  volcanic  rocks  appears  to  be  comparatively  small.  In  1894, 
practically  the  whole  of  the  alluvial  gold,  which  formed  about 
60  per  cent,  of  the  total  production,  was  got  in  Middle  Island, 
where,  as  previously  pointed  out  (see  page  24),  the  various  deposits- 
belong  to  widely  different  geological  epochs. 

The  auriferous  sands  on  the  seashore,  forming  the  third  class 
of  deposit,  are  worked  by  persons  known  as  "  beach  combers,'' 
who  wash  them  by  the  aid  of  fresh  water  brought  through  a  canvas 
hose-pipe,  upon  movable  sluices,  called  "  beach  boxes,"  one  end  of 

1  Bejiorts  of  Geological  Exploratioiu  during  1878-79,  Wellington,  1879,  p.  49. 


PART  II  NEW   ZEALAND  715 

which  is  mounted  on  wheels  for  convenience  of  transport.  Beaches 
are  often  unworkable  for  months  together,  since  gold  in  remunera- 
tive quantities  is  only  found  upon  them  after  the  occurrence  of 
high  winds  and  heavy  seas.  Of  recent  years,  however,  dredging 
machines  have  been  employed  both  on  these  beaches  and  on  some 
of  the  rivers,  with  very  encouraging  results. 

According  to  Ulrich  the  rocks  in  which  auriferous  reefs  occur, 
or  in  which  gold  has  been  found  in  its  natural  matrix,  in  the 
province  of  Otago,  excepting  in  the  neighbourhood  of  Portobello, 
consist  throughout  either  of  argillaceous  mica  schists  or  of  phyllite, 
changing  towards  the  west  into  true  mica  schist  with  subordinate 
bands  of  chloritic  schist  or  chloritic  mica  schist.^  In  most  cases 
both  the  phyllite  and  mica  schist,  which  are  probably  of  Silurian 
age.  but  more  especially  the  latter,  are  rich  in  interlaminations  of 
quartz,  which  are  sometimes  less  than  one-fourth  of  an  inch  in 
thickness,  but  occasionally  attain  a  width  of  three  or  more  feet. 
These  generally  lenticular  masses,  which  have  no  regularity  or 
persistence  either  in  strike  or  in  dip,  frequently  contain  gold,  and 
there  can  be  no  doubt  that  the  gold  in  the  drifts  of  the  province  is 
in  some  measure  due  to  their  denudation  and  disintegration. 

Some  of  the  reefs  are,  however,  true  lodes,  with  well-defined  -walls 
having  clay  selvages,  and  crossing  the  country  rock  both  in  strike 
and  dip.  Others  are  composed  of  a  mixture  of  quartz  and  mullock, 
and  are  known  as  quartz  mullock  reefs ;  these  are  usually  so 
soft  that  they  can  be  worked  without  the  aid  of  gunpowder,  and 
the  quartz,  which  does  not  appear  to  form  a  large  percentage-  of 
the  mass,  occurs  only  in  the  shape  of  coarse  sand  and  small  and 
slightly  rounded  fragments.  Whether  the  quartz  originally  formed 
interlaminations  in  the  mullock  or  occurred  in  veins  is  uncertain, 
but  Mr.  Ulrich  considers  that  a  kind  of  banded  structure  wdiich  is 
observable  on  the  line  of  dip  is  in  favour  of  the  latter  hypothesis. 
The  reefs  of  Arrow  and  Skipper's  Creeks  are  true  lodes,  some  of 
which  are  twenty  feet  in  thickness,  cutting  through  the  country 
both  in  strike  and  dip,  and  showing  more  or  less  distinct  walls 
Avith  clay  casings.  In  point  of  composition  and  structure  they, 
however,  approach  far  more  nearly  to  mullock  reefs  than  to  quartz 
reefs ;  they  in  fact  represent  fissures  partly  filled  with  cUhris  from 
the  country  rock,  mixed  wdth  interlaminated  quartz,  of  w^hich 
there  are  veins  and  branches  of  varying  dimensions.  Layer  lodes 
follow  the  strike  and  dip  of  the  country  rock,  having  throughout 

^  F.  W.  Hutton  and  G.  H.  F.  Ulrich,  Bejyort  on  fht  Geology  and  Gold-fidds  of 
Otufjo,  Dunedin,  1875,  p.  156. 
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for  their  foot  wall  one  and  the  same  bed,  while  the  hanging  wall 
is  generally  irregular,  and  frequently  traversed  by  veins  and 
branches  of  quartz.  On  account  of  this  mode  of  relation  to 
the  country  rock  they  are  subject  to  all  its  changes  of  strike 
and  dip,  and,  when  these  are  great,  they  are  liable  to  frequent 
changes  in  thickness,  and  are  regarded  as  being  the  least  promising 
form  of  reef. 

The  so-called  Peninsula  Quartz  Reefs  at  Portobello  are  not  in 
reality  quartz  reefs  at  all,  but  merely  impregnations  of  finely 
divided  gold  enclosed  in  siliceous  deposits  m  trachytic  rocks. 
This  occurrence  of  gold  in  a  trachytic  matrix  is,  however,  not 
without  its  alliances,  since  the  grayish-white  trachyte  of  Portobello 
bears  a  certain  resemblance  to  the  gold-bearing  trachytic  tufa  of 
the  Thames  gold-field  in  the  North  Island,  although  in  the  latter 
locality  the  gold  is  found  in  distinct  veins  and  bunches  of  genuine 
quartz,  and  does  not  occur  disseminated  through  the  mass  of  the 
rock  as  in  the  other  case.  The  rock  in  which  the  quartz  reefs 
of  the  Thames  gold-field  are  found  is  a  massive  formation  of  tufa 
passing  on  the  one  hand  into  a  compact  trachyte,  and  on  the  other 
into  a  coarse  brecciated  rock,  consisting  of  angular  fragments 
embedded  in  a  tufaceous  cement.  The  age  of  this  formation  is 
somewhat  uncertain,  but  at  Tapu  Creek  it  rests  upon  black  slate, 
and  at  Coromandel  it  is  overlain  by  brown  coal,  which  is  again 
overlain,«unconformably,  by  a  recent  volcanic  formation  referred  to 
the  Eocene  period.  It  is  therefore  probable  that  the  tufas  in 
which  the  auriferous  reefs  are  found  belong  to  some  part  of  the 
Cretaceous  period. 

From  some  cause,  not  yet  ascertained,  this  tufaceous  formation 
has  become  decomposed  in  a  very  irregular  manner,  and  to  great 
depths,  the  undecomposed  rock  forming  hard  ridges  separated 
from  one  another  by  belts  of  softened  material  extending  to  many 
hundred  feet  below  the  sea  level.  In  these  latter  bands  alone 
productive  quartz  veins  have  been  found,  and,  so  far  as  is  at 
present  known,  they  either  pinch  out  or  become  unremunerative 
on  entering  the  undecomposed  rock.^  Some  of  the  reefs  in  this 
gold-field  have  been  worked  to  a  depth  of  more  than  100  fathoms 
below  sea  level. 

In  the  year  ISSl,  the  quartz  crushed  in  New  Zealand  amounted 
to  65,712  tons,  yielding  84,792  oz,  of  gold,  or  1  oz.  5  dwt.  19  gr. 
per  ton. 

1  RejMHs  of  Geolo'jkal  Explorations  durimj  1878-79,  Wellington,  18/9, 
p.  -22. 
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The  following  table  shows  the  returns  of  the  various  quaitz 
mining  districts  of  New  Zealand  for  the  year  ending  31st  of 
March,  1895  : — 


As  is  shown  by  the  above  table,  much  of  the  New  Zealand 
gold  is  low  grade  and  highly  argentiferous,  so  much  so  that  some 
of  the  bullion  produced  is  worth  only  £1  per  ounce.  At  the 
same  time,  it  must  be  noted  that  over  52  per  cent,  of  this  gold 
was  got  by  cyanide  extraction,  which  produces  a  lower  grade 
bullion  than  does  amalgamation.  The  value  of  the  quartz  is  seen 
to  average  only  about  £2  j)er  ton.  It  may  also  be  mentioned  that 
the  total  value  of  gold  entered  for  exportation  was  £889,545,  out 
of  which  only  £373,676  was  obtained  from  quartz  and  the  rest 
from  clastic  deposits.  The  most  important  mine  in  the  colony -in 
189-1  was  the  Waihi,  in  the  Ohinemuri  district,  which  had  been 
opened  to  a  depth  of  240  feet,  where  three  parallel  lodes,  or  branches 
perhaps  of  one  and  the  same  lode,  have  been  cut,  the  widths 
varying  from  six  feet  to  thirteen  feet.  During  that  year 
24,864  tons  of  stone  had  been  crushed,  yielding  55,437'5  ounces 
of  bullion  worth  £82,524 ;  the  total  expenditure  for  the  year  Avas 
£40,977.  In  1894  there  were  2,191  men  engaged  in  quartz 
mining  in  New  Zealand.  It  is  worth  noting  that  the  cyanide 
process  of  gold  extraction  has  been  found  to  be  especially  well 
adapted  to  the  New  Zealand  ores ;  the  Sylvia  ComjDany  ^  at 
Tararu  has  used  it  with  marked  success. 

The  followino-  table  -  shows   the  weight  and  value   of  the  sfold 

o  o  o 

exported  from  New  Zealand  from  the  beginning  of  1857  to  the 
end  of  the  year  1894: — 

^  Dr.  A.  Scheidel,  The  Cyanide  Process,  Sacjramento,  lS94,"p.  79. 
-  Papers  and  Reports  reJathirj  to  Minerals  and  Mining,  N.Z.  1895. 
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Table  showing  the  Weight  axd  Value  of  Gold,  the  Produce  of  the  Coloxy, 
Exported  from  New  Zealand  during  the  Years  1857  to  1894. 


Year. 

Weight. 

Value. 

Yrar. 

Weight. 

Value. 

<)z. 

£      ' 

Oz. 

£ 

IHoT 

10,437 

4(;»,422 

1876 

322,016 

1,284,328 

1858 

13,534 

52,464 

1877 

371,685 

1,496,080 

1859 

7,336 

28,427 

1878 

310,486 

1,240,079 

1800 

4,538 

17,585 

1879 

287,464 

1,148,108 

1801 

194,031 

751,873 

1880 

305,248 

1,227,252 

1862 

410,862 

1,591,389  1 

1881 

270,561 

1,080,790 

1803 

628,450 

2,431,723  } 

1882 

251,204 

1,002,720 

1864 

480,171 

1,856,837  , 

1883 

248,374 

993,352 

1865 

574,574 

2,226,474  , 

1884 

229,946 

921,797  , 

1886 

735,376 

2,844,517  1 

1885 

237,371 

948,615 

1867 

686,905 

2,698,862  ' 

1886 

227,079 

903,569 

1868 

637,474 

2,504,326  i 

1887 

203,869 

811,100 

1869 

614,281 

2,362,995 

1888 

201,219 

801,066 

1870 

544,880 

2,1.57,585 

1889 

203,211 

808,549 

1871 

730,029 

2,787,520 

1890 

193,193 

773,438 

1872 

445,370 

1,731,261 

1891 

251,996 

1,007.488 

1873 

505,337 

1,987,425 

1892 

238,079 

954,744 

1874 

376,388 

1,505,331 

1893 

226,811 

913,138 

1875 

355,322 

1,407,770 

1894 

221,615 

887,839 

T( 

)tals  .... 

12,756,722 

50,188,838 

The  output  for  1895  is  given  as  293,491  ounces. 

Other  Metals. — Silver  ores  and  argentiferous  lead  ores  are 
sometimes  met  witli  in  the  gold-bearing  reefs  of  Coromandel  and 
the  Thames,  but  no  distinct  lode  of  either  of  these  minerals  has  yet 
been  discovered.  Silver  is  obtained  only  as  an  alloy  with  gold  in 
the  bullion  produced  ;  the  amount  in  1894  was  54,117  ounces, 
valued  at  £6,G97.  Copper  mining  was  for  some  years  conducted 
on  a  somewhat  extensive  scale  at  Kawau  and  Great  Barrier  Islands, 
but  although  a  considerable  amount  of  copper  ore  was  obtained, 
the  mines  were  not  financially  successful.  A  small  quantity  of 
copper  ore  was  raised  from  a  vein  on  D'Urville  Island,  but  the 
workings  are  by  no  means  extensive,  and  the  yield  of  copper  ore 
has  hitherto  been  but  small.  Not  more  than  850  tons  have  been 
produced  in  any  one  year,  and  the  total  production  for  forty  years 
up  to  1894  was  only  1,400  tons ;  none  at  all  is  returned  for  the 
last  five  years  or  more.  Specimens  of  cassiterite  have  from  time 
to  time  been  found  in  the  Thames  gold-fields. 

In  the  Westland  District,  South  Island,  eight  miles  from 
Greymouth,  in  the  hills  north  of  the  Grey  River,  where  there  were 
formerly  extensive  sluice  diggings,  is  a  quartz  reef  which  for  a  long 
time  attracted    little    or  no  attention.     In   1878,   however,  some 
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blocks  of  stibnite  found  in  the  alluvium  were  discovered  to  contain 
a  considerable  proportion  of  gold.  This  lode,  which  is  known  as 
"  Langdon's  Reef,"  is  about  600  feet  above  the  river,  and  appears 
as  a  solid  ledge  of  white  quartz  from  three  to  eleven  feet  in  thick- 
ness, encased  in  compact  slate.  The  quartz  of  this  lode  contains 
traces  of  antimony,  and  specimens  taken  from  portions  of  the 
vein  traversed  by  blue  strings  of  stibnite  yielded  gold  at  the  rate 
of  84  oz.  per  ton.  Following  up  the  same  creek,  at  an  altitude  of 
400  feet  above  Langdon's  Reef,  the  lode  from  which  the  auriferous 
stibnite  was  originally  derived  has  been  discovered.  It  has  a  total 
width  of  nine  feet,  and  is  divided  into  five  distinct  bands,  three 
of  which  consist  of  a  mixture  of  quartz  and  stibnite  ;  one,  two  feet 
in  width,  mainly  consists  of  compact  stibnite,  while  the  fifth  is 
composed  of  about  one  foot  eight  inches  of  brecciated  slate. 
Specimens  from  this  lode  forwarded  to  Dr.  Hector  for  assay  yielded 
gold  84  oz.  and  silver  80  oz.  per  ton,  but  the  highest  results 
obtained  from  specimens  collected  by  Dr.  Hector  himself  yielded 
gold  at  the  rate  of  only  36  oz.  per  ton.^ 

Antimony  ore  was  produced  in  1894  to  the  amount  of  44  tons. 

Chrome  iron  ore  has  been  mined  from  time  to  time,  but  none 
has  been  shipped  since  1866. 

Manganese  ore  has  been  got  in  fluctuating  quantities  during 
the  last  fifteen  years ;  in  1894  the  yield  was  534  tons,  valued  at 
£1,156. 

Iron  ores  in  the  form  of  limonite  and  black  iron  sands  occur 
in  various  localities,  and  have  been  mined  experimentally.  A 
project  is  now  (1896)  on  foot  for  smelting  these  latter  in  the  blast 
furnace  by  a  special  method. 

Cinnabar  has  been  found  in  several  places  in  alluvial  drifts, 
especially  at  Waipori.  At  Ohaeawai^  a  lode,  which  seems  to 
consist  of  siliceous  sinter  carrying  cinnabar,  has  been  traced  and  is 
being  tested.  Its  course  is  about  north  and  south,  dipping  about 
45°  to  the  west.  The  formation  is  described  as  a  green  marly  sand, 
full  of  water,  so  that  sinking  is  a  matter  of  difficulty.  In  sinking 
a  vertical  shaft  to  cut  the  lode,  springs  of  water  as  hot  as  200'  F., 
and  gases,  amongst  which  were  sulphuretted  hydrogen  and  carbonic 
acid,  were  met  with.  The  mineral  appears  to  consist  of  iron 
pyrites  with  cinnabar,  the  sintered  outcrop  carrying  from  six  to 
eighteen  per  cent,  of  metallic  mercury.  Pockets  of  native  sulphur 
have  been  met  with,  and  thermal  springs  and  solfataric  emanations 

1  Rejjorts  of  Geological  Exploratioihs,  1878-79,  p.  19. 

-  Papers  and  Reports  relating  to  Minerals  and  Mining,  N.Z.  1895,  p.  2o7. 
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seem  to  abound.  The  vein  seems  to  be  near  the  line  of  intersection 
of  the  above-mentioned  marls  by  a  haixi  basaltic  rock.  It  will  be 
noticed  that  the  phenomena  here  observed  are  very  like  those 
recorded  at  Sulphur  Bank,  California,  and  at  Steamboat  Springs, 
Nevada  (see  page  115).  The  commercial  value  of  the  deposit 
has  not  vet  been  ascertained. 


New  Caledonia. 

It  was  at  one  time  supposed  that  the  mineral  wealth  of  New 
Caledonia  would  rival  that  of  Australia  and  New  Zealand,  but 
hitherto  these  hopes  have  been  to  a  large  extent  disappointed. 
Gold  and  copper  veins  are  known  to  traverse  the  primitive  rocks 
of  the  north  part  of  the  island,  and  the  serpentines  contain  ores 
of  iron,  chromium,  &c.  In  the  year  1863  a  few  grains  of  gold 
were  found  in  the  alluvium  of  the  Houebiahomme  Valley,  and  in 
1870  workings  upon  an  auriferous  quartz  vein  were  commenced, 
at  a  place  afterwards  named  Fern  Hill,  by  English  miners,  b}- 
whom  the  claim  was  taken  up.  By  the  month  of  September, 
1873,  a  mill  had  been  erected,  and  1,200  tonnes  of  quartz  had 
been  crushed,  which  yielded  4,663  oz.  of  gold  ;  but,  by  the  end  of 
the  same  year,  a  mass  of  pyrites  from  which  no  gold  could  be  ex- 
tracted with  the  aj)pliances  available  had  been  reached,  and  the 
mine  was  shortly  afterwards  abandoned.  Since  that  period  little 
or  no  attention  appears  to  have  been  devoted  to  gold-mining, 
although  it  would  appear  improbable  that  this  should  be  the  only 
instance  of  the  occurrence  of  auriferous  quartz  in  the  island.^ 

The  most  important  ores  furnished  by  New  Caledonia  appear 
to  be  those  of  niclcel,  which  occurs  in  a  mineral  discovered  here  for 
the  first  time.  This  mineral,  which  is  a  silicate  of  magnesia 
containing  nickel,  was  discovered  by  M.  Jules  Gamier,  and  has 
received  the  name  of  garnierite.  It  occurs  in  vein-like  dej)osits  in 
serpentine  or  serpentinous  rocks,  and  would  seem  to  be  in  all 
probability  a  product  of  segregation  from  these  rocks;  it  may 
possibly,  however,  be  due  to  the  leaching  action  of  water  on  the 
serpentine,  and  subsequent  deposition  from  solution  in  fissures 
that  may  have  been  fissures  of  contraction.  The  general  strike  of 
these  deposits  is  N.E. — S.W.,  about  at  right  angles  to  the  general 
trend  of  the  serpentinous  rocks. 

^  Emile  Heurteau,  "  Les  Ricliesses  Minerales  de  la  Xoiivelle-Caledonie,"  Ann. 
ties  Mints,  ix.  1876,  p.  307. 
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The  method  of  extracting  nickel  from  the  ordinary  ores  of  that 
metal  consists  in  concentrating  it  as  a  regulus  or  speiss,  dissolving 
in  acid,  precif)itating  the  nickel  in  the  form  of  oxide,  and  reducing 
the  precipitate  with  carbonaceous  substances.  As  garnierite  con- 
tains neither  sulphur  nor  arsenic,  it  becomes  necessary  to  add 
one  of  these  substances  to  the  ore  in  sufficient  quantity  to  take 
up  the  nickel,  and  this  method  of  treatment  is,  under  certain 
circumstances,  recommended  by  M.  Garnier.  As,  however,  the 
sulphur  and  arsenic  thus  added  have  to  be  again  separated  from 
the  nickel,  a  new  process  has  been  invented.^  This  consists  in 
smelting  the  silicate  of  nickel  with  iron  ores  in  a  blast  furnace,  with 
a  cold  blast,  and  at  a  low  pressure.  Under  these  conditions,  and 
with  a  properly  constituted  mixture,  only  a  portion  of  the  iron  is 
reduced,  Avhile  the  remainder  passes  into  the  slags,  unaccompanied 
by  nickel,  and  adds  to  their  fusibility.  In  this  way  is  produced  a 
carbide  of  the  two  metals  known  as  ferro-nickel,  from  which  the 
nickel  may  be  separated  by  a  humid  process.  The  ore  is  now  shipped 
to  Europe  for  treatment,  partly  to  England  and  partly  to  France, 
where  it  is  smelted  in  the  departements  of  the  Seine  and  of  the 
Seine-Inferieure.  The  amount  of  metallic  metal  produced  in 
France  during  1894  was  1,545  tonnes,  worth  about  £160  per  tonne. 
The  production  of  nickel  ore,  containing  ten  to  twelve  per  cent,  of 
metal,  in  New  Caledonia  was  : — 

In  1892 83,000  tonnes. 

1893 69,130       „ 

1894 61,243       „ 

The  exports  for  the  two  last  years  were  respectively  45,613  and 
40,089  tonnes,  the  average  value  being  given  as  70  francs  (about 
£2  16s.)  per  tonne.  The  number  of  men  engaged  in  nickel  mining 
was  2,121. 

Chrome  iron  ore,  which  also  occurs  in  lenticular  masses  in  the 
same  serpentine,  from  which  it  may  have  separated  as  a  segregation 
product,  has  been  mined  to  some  extent  since  1883;  in  1804  the 
output  Avas  2,927  tonnes. 

This  same  serpentine  also  carries  de^Dosits  of  highly  cobalti- 
ferous  manganese  ore,  containing  three  to  five  j^er  cent,  of  cobalt ; 
these  deposits  produced  in  1894  over  one-third  of  the  total  cobalt 
output  of  the  world,  yielding  4,112  tonnes  of  cobalt  ore,  valued 
at"70  francs  (£2  16s.)  per  tonne.- 

^  J.  D.  Hague,  Mining  Industries,  Washington,  1880,  i^.  191. 
-  Statistiq^ie  de  V Industrie  MineraJe  for  1894,  p.  ,')7. 
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AFRICA. 


The  precious  metals  appear  to  be  very  generally  distributed 
throughout  Africa,  and,  so  far  as  is  at  jDresent  known,  form  the 
principal  portion  of  its  mineral  production.  Until  the  discovery  of 
o'old  in  California  and  Australia  the  gold-fields  of  the  Kong 
Mountains  in  Guinea  were  considered  to  be  amongst  the  most 
important  in  the  world,  but  since  then  Africa  jjlayed  a  very  sub- 
ordinate part,  until  the  Transvaal  gold-fields  once  more  brought 
this  continent  into  prominence.  The  gold-fields  of  the  Transvaal 
are  numerous,  but  the  yield  obtained  from  them  was  quite  insigni- 
ficant until  the  year  1887,  when  they  rapidly  began  to  assume  a 
foremost  position  among  the  great  gold  producers.  Dr.  Soetbeer 
estimated  the  amount  of  gold  produced  in  the  whole  of  Africa 
during  the  year  1875  at  96,450  oz.  troy,  but  it  was  nearly  thirty 
times  this  amount  only  twenty  years  later. 

Copper  is  known  to  exist  in  large  quantities  in  the  mountains 
of  some  of  the  native  kingdoms  of  Central  South  Africa,  and  one 
of  the  objects  of  Dr.  Livingstone's  last  journey  was  to  visit  the 
celebrated  copper  district  of  Katongo,  south-west  of  Lake 
Tanganyika.  At  the  Cape  of  Good  Hope  there  are  some  valuable 
copper  mines,  while  at  Bembi,  near  Ambriz,  a  thick  malachite  vein 
was  formerly  worked  by  the  negroes,  and  afterwards  leased  to  an 
English  company  by  the  Portuguese  Government,  Abyssinia  is 
supposed  to  be  rich  in  coj)per  ores,  and  iron  ores  occur  in  many 
parts  of  Inter-tropical  Africa,  On  the  banks  of  the  Senegal,  and 
in  various  other  districts,  the  natives  smelt  iron,  the  ore  used 
being  a  rich  ferruginous  sandstone  of  modern  formation.  Morocco 
contains  ores  of  various  metals,  but  of  the  whole  Mediterranean 
seaboard  Algeria  alone  deserves  special  notice,  as  some  of  its  mines 
are  both  extensively  and  systematically  worked. 

ALGERIA. 

The  most  important  ores  of  Algeria  are  those  of  iron,  which 
occur  in  the  form  of  magnetite,  red  and  brown  haematite  and 
siderite.  Argentiferous  galena,  copper  ores  containing  lead  and 
silver,  ores  of  antimony  and  mercury,  as  well  as  calamine  and  blende, 
occur  in  this  part  of  Africa,     Manganese,  nickel,  cobalt  and  arsenic 
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are  likewise  occasionally  found,  but  always  in  association  with  ores 
of  other  metals. 

-"  Iron. — In  the  departement  of  Constantine,  the  Mokta-el-Haddid 
Company  works  the  mines  of  Kharezas,  Bou-Hainra,  and  Ain- 
Morkha,  the  last  of  which  is  connected  with  the  port  of  Bone  by  a 
railway  about  twenty  miles  in  length.  This  mine,  which  is  more 
commonly  known  by  the  name  of  Mokta-el-Haddid,  is  an  irregularly 
stratified  dejsosit,  included  in  mica  schist,  which  originally  formed 
a  cliff  400  feet  in  height,  exposed  upon  a  bend  in  the  outcrop 
where  the  iron  ore  is  unusually  massive.  This  deposit  has  been 
extensively  worked  as  an  open  quarry  by  a  succession  of  terraces 
each  sixteen  feet  in  height,  of  which  nineteen  were  required  to 
reach  the  top  of  the  ore  ground.  The  bed  dips  at  an  angle  of 
about  30°,  and  its  greatest  thickness,  measured  horizontally,  is 
somewhat  more  than  100  feet,  but  it  gradually  becomes  flatter 
and  diminishes  in  size  until  it  is  worked  underground,  where  its 
thickness  does  not  exceed  twenty-eight  feet.  A  second  bed, 
thirteen  feet  in  thickness,  between  the  schistose  roof  of  the  main 
deposit  and  an  overlying  bed  of  limestone,  has  been  discovered  by 
boring.  The  ore  is  generally  a  blueish  or  blackish  mixture  of 
very  dense  haematite  and  magnetite,  containing  from  58  to  66  per 
cent,  of  metallic  iron ;  a  portion  of  it  is,  however,  soft  and 
brownish-red  in  colour,  and  can  be  readily  worked  without  the  aid 
of  gunpowder. 

In  the  departement  of  Alger,  sj)athic  iron  ores,  and  haematites 
resulting  from  their  decomposition  and  peroxidation,  are  found 
in  veins  enclosed  in  Cretaceous  rocks.  These  are  for  the  most  part 
associated  with  ores  of  copper  and  lead,  which  are,  sometimes,  the 
prevailing  minerals. 

Another  class  of  deposits,  occasionally  of  considerable  importance, 
occurs  in  the  departement  of  Gran.  These  consist  of  haematites, 
associated  with  limestones,  jDrobably  of  Liassic  age,  and  the  ores, 
which  vary  considerably  in  composition,  are  often  manganiferous, 
and  in  most  cases  moderately  hard.  Masses  of  totally  unchanged 
limestone  are  sometimes  found  included  in  these  ore  bodies,  whose 
origin  M.  Pouyanne  attributes  to  the  action  of  mineral  waters.^ 
Yet  other  deposits  occur  in  strata  of  Miocene  age,  and  are 
considered  to  have  been  derived  from  the  waste  of  Jurassic  ores. 
The  most  important  mines  are  those  of  Camerata,  Soumah  and 
Beni-saf ;  the  latter  of  which  is  situated  about  sixty  nailes  west  of 

■*  "  Note  sur  la  Region  ferrifere  des  Ouelhassa,"   Ann.  des  Mineti,  ix.  1876, 
p.  90. 

3  A  2 


Quantity. 

"\'alue. 

Tonnes. 

£ 

227,753     . 

.     .  70,600 

115,627     . 

.     .  34,900 

450     . 

.     .          45 
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Oran,  and  yields  a  soft  calcareous  hsematite  not  unlike  that  of 
Bilbao. 

The  mines  of  Ai'n-Morkha,  worked  by  the  Mokta-el-Haddid 
Compan}',  have  produced  annually  about  400,000  tonnes  of  iron 
ore,  and  from  1867  to  1877  yielded  3,176,500  tonnes,  of  the  value 
of  thirty-five  millions  of  francs,  or  about  £1,400,000.  The  produc- 
tion of  iron  ores  in  Algeria  during  the  year  1880  amounted  to 
614,000  tonnes. 

In  1894  it  was  as  follows  :  — ^ 

Departement. 

Oran    .     . 

Constantino 
Alger  .     .     . 

343,830  105,545 

The  whole  of  the  output  from  Oran  is  produced  from  the  mines 
of  the  Mokta-el-Haddid  Company,  which  also  produces  the  whole 
of  that  from  Constantino,  with  the  exception  of  some  7,000  tonnes 
from  the  El  M'Kimen  concession. 

Othee  Metals.^ — In  the  departement  of  Constantino,  in  1876, 
the  lead  mines  of  Kef-Oum-Thebou],near  La  Calle,  yielded  12,000 
tonnes  of  galena,  containing  about  38  per  cent,  of  lead  and  afford- 
ing work  lead  yielding  36  oz.  of  silver  per  ton.  In  addition  to 
argentiferous  galena  this  mine  produces  both  copper  ore  and  blende, 
while  the  mines  of  Cape  Cavallo  in  the  same  departement  yield 
argentiferous  lead  and  copper  ores. 

In  the  dejpartement  of  Alger  explorations  for  blende  and 
galena  have  been  carried  on,  and  in  the  departement  of  Oran  the 
mine  of  Gar-Rouban  produces  small  quantities  of  argentiferous 
galena. 

The  copper  mine  of  Ain-Barbar  in  the  departement  of  Con- 
stantino, eleven  miles  north-west  of  Bone,  is  worked  upon  several 
veins  producing  oxides  and  sulphides  of  copper,  yielding  from  8 
to  15  per  cent,  of  that  metal,  together  with  copper  pyrites  and 
blende. 

Various  mines  have  from  time  to  time  been  to  some  extent 
worked  near  Cape  Tones,  in  the  departement  of  Alger,  and  have 

^  Statutique  de  V Industrie  Minerale  pour  I'annee  1894,  p.  23. 
^  L.  Ville,  Situation  de  rindustrie  miniere  des  deimrtements  d' Alger,   d'Oran 
et  de  Constantine,  Algiers,  1874. 
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yielded  limited  amounts  of  copper  and  lead  ores,  but  at  the  present 
time  none  of  them  appear  to  be  in  active  operation. 

The  once  celebrated  copper  mine  of  Mouzaia,  in  the  same 
departement,  which  at  one  time  was  supposed  to  contain  almost 
fabulous  riches,  and  was  the  subject  of  much  wild  speculation, 
yielded  antimonial  gray  copper  ores  only.  In  this  locality  there 
are  several  veins  composed  of  spathose  iron  ore  and  heavy  spar, 
containing  disseminated  antimonial  gray  copper  ore,  and  traversing 
a  soft  marly  country  rock.  When  first  discovered,  the  surrounding 
marly  rocks  of  Cretaceous  age  had  been  to  such  an  extent  acted 
upon  and  removed  by  rain  and  other  meteoric  influences,  that  the 
oatcrops  of  the  veins  stood  from  12  to  15  feet  above  the  surface  of 
the  adjoining  ground,  and  could  be  thus  traced  as  distinct  parallel 
walls  over  a  very  considerable  distance. 

This  mine,  the  Avorking  of  Avhich  has  been  undertaken  succes- 
sively by  various  companies,  Avas  finally  abandoned  in  1865,  on 
account  of  the  difficulties  experienced  in  the  metallurgical  treat- 
ment of  its  ores. 

The  mines  of  Oued-Merdja  are  situated  on  the  right  bank  of 
a  stream  of  that  name,  near  the  point  of  its  confluence  with  the 
Oued-ChifFa,  about  seven  miles  south-east  of  Blidah.  The  con- 
cession shows  several  nearly  parallel  veins  containing  copper 
pyrites,  but  of  these  one  only,  namely,  that  nearest  the  point  of 
meeting  of  the  two  streams,  has  been  to  any  extent  explored. 
The  veinstone  associated  with  yellow  copper  ore  is  principally 
ankerite,  a  triple  carbonate  of  calcium,  magnesium  and  iron.  "  In 
the  year  1866  a  powerful  steam  pumping-engine  was  erected  at 
this  mine,  as  well  as  furnaces  for  the  conversion  of  the  poorer  ores 
into  regulus. 

In  the  vicinity  of  Blidah,  in  the  valley  of  the  Oued-Kebir,  is 
situated  the  mine  bearing  the  latter  name.  This  concession  may 
almost  be  regarded  as  an  extension  of  that  of  Oued-Merdja,  and  is 
traversed  by  nearly  similar  lodes,  towards  the  development  of 
which  but  little  has  hitherto  been  accomplished. 

Zinc  ores  are  raised  in  the  de|3artement  of  Constantine  at  the 
mine  of  Hammam-Nbail,  belonging  to  the  Vieille  Montague 
Company,  at  that  of  Ain-Arko,  and  at  the  lead  and  zinc  mine  of 
Oued  Maziz  in  the  departement  of  Gran. 

The  antimony  mines  of  El-Hamimat  are  situated  at  a  distance 
of  forty-three  miles  from  Constantine,  and  consist  of  a  vein  con- 
taining oxide  of  antimony  at  Senisa,  and  an  irregular  deposit  of 
stibnite  at  Djebel  Hamimat.     These  mines,  which  on  account  of 
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local  disturbances  remained  for  some  time  unworked,  have  been 
re-opened. 

The  only  known  deposits  of  cinnabar  in  Algeria  occur  in  the 
departement  of  Constantino  in  the  districts  of  Guelma  and 
Jemmapes ;  but  the  only  mine  actually  at  work  is  that  of  E,as-el- 
Ma,  fifteen  miles  south-east  of  Philippeville. 

The  production  of  metalliferous  minerals,  other  than  ores  of 
iron,  during  the  years  1880  and  1894  was  as  follows : — 


Prodxtctiox  IX  Algeria  of  Metalliferous  Minerals  other  than  Iron  Ores 

DURiNc;  the  Years  1880  and  1894. 

1880. 


Description  of  ore. 

Quantities. 

Values. 

Tonnes. 
Lead  and  Silver  ore     .               4,066 

Copper  ore 9,574i 

Zinc  ore 976 

Antimony  ore 567 

Mercury  ore 200 

PYanps. 

512,655 

714,309 

42,615 
226,800 

10,000 

£ 

20,506 

28,572 

1,704 

9,072 

400 

Totals 

15,383 

1,506,379 

60,254 

1894." 


Description  of  ore.                     Quantitie.s. 

Values. 

Tonnes. 
Argentiferous  galena   .    .               276 
Blende  and  Calamine  .             29,7<'3 
Antimony  ores   •   .    .    .    .               175 
Mercury  ores                                    866 

Francs.                            £ 
20,225                        805 

816.959                   32.675 
26,000                      1,040 
58,008                     2,320 

Totals 31,020 

921,192 

36,840 

CAPE  OF  GOOD  HOPE. 


During  the  last  forty-five  years  large  quantities  of  copjDer  ore 
have  been  obtained  from  Namaqualand,  Cape  of  Good  Hope,  where 
it  appears  to  occur  in  somewhat  irregular  deposits,  interstratified 
with    gneiss.     The   following  amounts  of   ore,   containing   on    an 

^  Minerais  complexes,  equivalent  to  the  bluestone  of  Anglesea,  are  returned  in 
this  table  as  copper  ores. 

^  Sfatistiqne  de  V Industrie  mincraJe  2')onr  Fannee  1894,  p.  59. 
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average  29i  jjer  cent,  of  copper,  have  been  obtained  from  these 
mines  since  they  were  first  opened  in  1852  up  to  the  end  of  1882  : — ^ 

Tons. 
Raised  from  1852  to  end  of  1862  from  Springbok, 

Specktakel  and  Ookiepe  mines      ....     18,990 

Kaised   by   the  Cape-N  Ookiepe 164,025 

Copper  Co.  from  /  Specktakel 14,765 

1862  to   end    of  j  Trial  Mines      ....       1,057 

1882,  20  years.    ;  

Total     .     .  198,846 

All  these  deposits  are  enclosed  in  gneiss,  of  which  they  appear 
to  follow  the  strike  and  dip.  That  of  Ookiepe,  which  has  been  the 
most  productive,  has  been  worked  for  a  length  of  175  fathoms,  and 
to  a  depth  of  105  fathoms.  It,  together  with  the  enclosing  rocks, 
is  crossed  by  a  slide,  by  which  it  has  sviffered  a  throw  of  40 
fathoms.  Wherever  it  has  been  cut  through  in  depth  a  bed  of 
quai'tzite  has  been  found  immediately  beneath  it. 

The  value  of  the  copper  ores  j)roduced  in  Namaqualand  during 
the  year  1882  amounted  to  £331,546. 

The  two  principal  companies  now  at  work  here  are  the  Cape 
Copper  Mining  Company  and  the  Namaqua  Mining  Company.  In 
1885  the  production  of  Namaqualand  was  20,213  tons,  valued  at 
£395,675,  and  in  1894  it  was  34,281  tons,  valued  at  £360,573. 

In  the  year  ending  April  30th,  1896,  the  Cape  Copper  Com- 
jDany,  Limited,-  produced  as  follows  from  their  various  Namaqua- 
land mines  : — 

Ookiep •26,200  long  tons  (Co;  21  cwt.),  containing  .    .    .  19"75  %  of  copper 

Spektakel    .    .    .     1,597  ,,  ,,  ,,  .    .    .  28-08  ,, 

Nababeep,     about     300  ,,  ,,  ,,        about     7        ,,         ,, 

Copperberg       ,,         550  ,,  ,,  ,,  ,,      11 '5     ,,         ,, 

Ookiep  East     „      1,600  ,,  ,,  ,,  ,,6 

In  their  smelting  works  18,487  tons  of  ore  were  treated,  chiefly 
from  the  Ookiep  mines,  which  yielded  52  per  cent,  of  regulus. 
In  the  year  ending  June,  1896,  the  Namaqua  Copper  Company, 
Limited,-  raised  from  their  Tweefontein  Mine  at  Concordia  and 
dressed  6,672  tons  (@  21  cwt.),  containing  28  per  cent,  of  copper, 
and  stacked  7,600  tons  ready  for  treatment,  estimated  to  produce 
a  further  amount  of  1,840  tons  of  the  same  richness  as  the  former. 
This  Company  shipped  5,272  tons  of  copper  during  the  year. 

Galena,  zinc  blende  and  manganese  ore  also  occur  in  the  Cape 

1  Statement  furnished  by  ]\Ir.  R.  Taylor. 
-  From  The  Diredorti  Reports  for  1896. 
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Colony,  and  gold  has  been  found  in  various  places ;  but,  in  spite  of 
repeated  and  strenuous  efforts,  nowhere  in  paying  quantity. 

The  chief  locality  is  the  Knysna  district,  where  it  occurs  in 
narrow  c^uartz  veins  traversing  schists ;  several  attempts  were  made 
to  work  these,  but  without  success,  the  total  amount  of  jjold 
obtained  having  been  only  some  2,000  oz.  A  little  alluvial  has 
also  been  found  in  this  district. 

A  quite  unique,  but  not  payable,  occurrence  of  gold  is  that  at 
Craddock,  where  gold  occurs  associated  with  prehnite ;  these 
minerals  seem  to  occur  in  geodes  or  nests  io  dykes  of  igneous  rock. 

In  spite  of  its  apparent  poverty  in  metallic  minerals,  the  Cape 
Colony  possesses  unique  mineral  deposits  of  enormous  value  in  the 
shape  of  the  diamond  mines  of  the  Kimberley  district. 

GOLD  COAST. 

As  its  name  implies,  this  West  African  colony  has  long  been 
known  to  be  rich  in  gold,  gold  dust  havinsr  formed  an  article  of 
export  thence  long  before  Europeans  attempted  any  mining  opera- 
tions there.  The  greater  part  of  this  gold  was  not  obtained  from 
placers,  but  from  crushing  the  auriferous  deposits  in  hard  rock. 
These  deposits  are  of  two  kinds,  veins  and  beds.  Small  and 
unimportant  patches  of  alluvial  occur  along  the  edges  of  some  of 
the  swamps  with  which  the  country  abounds,  and  in  the  banks  of 
some  of  the  smaller  streams,  but  no  alluvial  deposits  of  commercial 
importance  are  known.  The  gold  district  seems  to  occupy  a  belt 
running  neaidy  north  and  south,  traversed  longitudinally  by  the 
river  Ancobra.  The  quartz  veins  nearest  the  coast,  which  were 
worked  at  Akankoo,  Cankim  Bamoo,  &c.,  are  situated  some  fifteen  to 
twenty  miles  up  the  river.  The  quartz,  which  seems  to  occur  in  veins 
of  relatively  short  extension,  and  up  to  six  feet  in  width,  is  dark 
blue,  somewhat  vitreous,  in  places  very  much  impregnated  with 
schorl,  so  much  so  as  almost  to  pass  into  a  kind  of  schorl  rock ;  the 
gold  is  coarse,  crystalline,  and  very  free,  the  associated  minerals 
being  chiefly  titaniferous  iron  ore,  and  small  quantities  of  zinc 
blende,  galena,  iron  and  copper  pyrites.  The  average  yield  may 
be  called  about  6  dwt.  to  the  ton.  The  country  rock  is  a  soft  clay 
rock,  possibly  laterite,  or  possibly  a  decomposition  product  of  clay 
shales ;  no  stratification  could  be  determined,  and  the  relation  of 
the  reef  to  the  country  rock  is  therefore  unknown.  After  a  pro- 
tracted trial  these  reefs  were  abandoned  as  not  payable ;  some 
thousands  of  ounces  of  gold   were,  however,  obtained  from    them. 
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Some  fifty  or  sixty  miles  up  the  river  quartz  veins  of  an  entirely 
different  character  occur,  the  quartz  being  hard,  white,  and 
saccharoidal,  and  the  gold  excessively  fine  ;  the  country  rock  here 
is  slate,  and  the  veins  appear  to  be  much  richer. 

Beds  of  conglomerate,  in  every  way  comparable  to  those  worked 
in  the  Transvaal,  occur  in  what  may  be  described  as  the  Wassaw 
district.  There  are  a  number  of  beds  of  conglomerate  here 
which  have  been  opened  in  various  places,  such  as  Adjah  Bippo, 
Tacquah,  Abosso,  Effuenta,  Teberibi,  Abontyakoon,  &c.  The 
formation  consists  of  grits  and  sandstones,  with  a  general  strike 
between  N.E.— S.^Y.  and  N.N.E.— S.S.W.  and  a  dip  to  tlie 
S.W.,  at  angles  varying  from  30^  to  70'.  The  beds  of  auri- 
ferous conglomerate  vary  in  width  from  two  feet  to  about  eight 
feet.  The  rock  consists  of  quartz  pebbles,  cemented  together  by 
crystalline  quartz,  the  cementing  material  containing  also  a 
considerable  amount  of  ilmenite  and  gold  in  fine  bright  crystalline 
particles.  As  at  Witwatersrand,  the  gold  seems  to  be  confined  to 
the  cementing  material,  but,  unlike  the  former  locality,  no  pyrites 
is  met  with  in  depth  in  the  Wassaw  deposits  ;  for  this  reason,  these 
beds  show  white  at  their  outcrops  instead  of  being  stained  deep 
red  and  brown  with  oxide  of  iron,  as  is  the  case  in  the  Transvaal. 
The  section.  Fig.  114,  after  a  rough  sketch  kindly  furnished  by  Mr. 
Sam,  the  manager  of  the  Wassaw  Company's  mines,  shows  the 
geological  relations  of  the  deposit.  The  Wassaw  Company  i  was 
founded  in  1882  ;  operations  were  commenced  on  the  Crockerville- 
Adjah-Bippo  concessions  on  two  reefs  of  quartz  enclosed  in  talcose 
schist,  which  proved  not  to  be  payable,  and  on  the  foundation  of 
the  Company,  the  conglomerate  and  sandstone  beds  now  being- 
worked,  were  attacked.  They  are  being  mined  through  three 
shafts,  the  deepest  being  now  212  feet ;  the  Swanzy  shaft,  now  (1895) 
184  feet  deej),  is  intended  to  open  up  the  "  reefs "  at  a  depth 
of  330  feet.  The  Company  has  also  recently  acquired  the  Cinna- 
mon Bippo  concession,  which  is  being  opened  up  by  adits. 

The  following  results  have  been  obtained  at  the  Wassaw  Com- 
pany's Adjah  Bippo  mines  in  recent  years  : — 

,-  Ore  crashed.  Gold  got. 

^^^^-  Tons.  Oz. 

1893 2,753 4,386 

1894 3,384 3,748 

1895 3,165 3,872 

^  Commiinicated  by  the  Secretary  of  the  Wassaw  Company. 
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The  total  gold  produced  by  the  Wassaw  ComjDany  from  the 
date  of  its  inception  to  the  end  of  1895  has  been  20,810  oz.,  worth 
£104,240.     In  July,  1890,  these   mines  produced   020  oz. ;  a  rich 


Scale  40  feet  to  i  inch. 


A.  Conglomerate  "  Reef,"  with  pebbles  about  the    size    of    pigeons'  eggs  ; 
aiiriferous. 

B.  Qiiartzose  sandstone  ;  slightly  aiuiferoas. 

C.  Conglomerate  "  Reef,"  2ft.  thick.  )   ,      -o  ^    ■  1     i 
-rx      /-,       1            ..    <£  T>     r  ••  1  r..    o  ■      ^i  •  i       [  Aurifei'ous,  now  being  woi'kecl. 

D.  Conglomerate  "Reef,    2  ft.  3m.  thick.     )  '  ° 

Fig.  114. — Section  across  Wassaw  Mine  at  the  100  foot  level. 


shoot  going  4  oz.  to  the  ton  had  recently  been  cut,  the  average 
richness  of  the  "reef"  at  the  150  foot  level  being  loz.  12  dwts. 
to  the  ton. 

The  following  are  the  returns  given  officially  for  the  various 
mines  working  in  the  Gold  Coast  Colony  during  1894  : — 


Tacquah  and  Abosso 
Gie  Apantoo 
Adjah  Bippo         .     . 
Cinnamon  Bippo 


Oz. 

4,490 
2,307 
3,645 

383 

10,885 


£ 

s. 

d 

16,166 

5 

0 

8,521 

4 

0 

13,120 

15 

1 

1,377 

9 

9 

39,185 

13 

10 

The  gold  dust  obtained  by  the  natives  (Fantis)  of  this  district 
is  got  by  sinking  narrow  shafts,  which,  though  under  three  feet  in 
diameter,  are  often  as  much  as  ninety  feet  deep,  by  means  of  which 
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they  reach  the  vein  or  bed  as  the  case  may  be,  and  extract  as 
much  of  it  as  they  can  reach  from  the  shaft ;  they  did  not  seem  to 
be  acquainted  with  the  method  of  driving  levels,  and  ouly  widened 
their  shafts  out  a  little  at  the  bottom.  Hence  shafts  will  be  found 
in  a  rich  spot  sunk  so  close  together  as  barely  to  allow  room  to 
walk  between  them.  After  the  auriferous  rock  is  extracted  it  is 
broken  into  small  pieces  between  two  stones,  and  then  rubbed  to 
powder  by  means  of  a  heavy  quern-shaped  stone,  worked  on  a 
larger  flat  one.  The  powder  so  obtained  is  washed  in  round  wooden 
dishes,  and  the  gold  dust  thus  collected  is  an  article  of  commerce. 
The  following  table,  taken  from  the  official  reports,  shows  the 
weight  and  value  of  gold  exported  from  the  Gold  Coast  between 
the  years  1887  and  189'1  :— 


Exports  of  Gold  Dust  from  the  Gold  Coast  Coloxt  from  the  Year 

1887  to  1894. 


Year. 

Weight. 

<  1/ 

Value. 

£ 

1887 

22,546 

81,168 

1888 

24,030 

86,510 

1889 

28,666 

103,200 

1890 

.      25.460 

91,657 

1891 

24,475 

88,112 

1892 

27,446 

98,805 

1893 

21,972 

79,099 

1894 

21,332 

76,796 

■ 

Totals  .... 

195,927 

705,347            1 

THE  TRANSYAAL. 

Gold. — Since  the  year  1888  the  Transvaal  has  come  very 
prominently  to  the  front  as  a  gold  producer,  and  there  are  signs  that 
the  limits  of  its  importance  in  this  respect  are  far  from  having  been 
reached.  There  are  at  present  some  ten  recognised  gold-fields  in  the 
Transvaal,  but  they  are  all  overshadowed  by  the  extraordinary  results 
obtained  in  the  Witwatersrand  district,  which  alone  produces  90 
per  cent,  of  the  output  of  the  Transvaal,  and  nearly  20  per  cent,  of 
the  output  of  the  whole  world. 

WiTWATEESRAND, — In  spite  of  the  enormous  amount  of  gold 
produced,  the  area  of  this  field  is  relatively  small ;  it  is,  roughly 
speaking,  elliptical  in  plan,  and  measures  about  fifty  miles  long  by 
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ten  miles  wide,  its  longer  extension  being  east  and  west.  It  is 
sufficiently  remarkable  that  the  gold  production  of  this  insignificant 
area  should  nearly  equal  that  of  vast  continents  like  North  America 
and  Australia,  whilst  the  character  of  the  deposits  from  which 
the  gold  is  obtained  promises  an  exceptional  degree  of  steadiness 
and  permanence  in  the  maintenance  of  the  output. 

As  already  fully  described  (see  page  58),  the  gold  deposits  are 
beds  of  conglomerate,  impregnated  with  gold,  associated  with,  and 
in  part  contained  in,  iron  pyrites  below  the  permanent  water  level, 
.above  which  it  has  been  liberated  by  the  oxidation  of  the  pyrites, 
whilst  near  the  outcrojD  an  extremely  rich  zone  of  concentration 
had  been  produced  as  already  mentioned  (pages  59  and  98). 
By  means  of  boreholes  the  deposits  have  already  been  proved 
to  a  depth  of  about  2,500  feet,  and  deeper  bores  are  in 
progress.  Practically  the  whole  of  the  gold  produced  is 
obtained  from  the  so-called  Main  Reef  series  of  beds ;  the  Black 
Reef  and  others  contributing  a  very  insignificant  portion  to  the 
total.  The  most  successful  mine  on  the  Witwatersrand  may, 
perhaps,  be  said  to  be  the  Robinson  Mine,  the  results  attained  by 
which  may  at  least  be  taken  as  typical  of  the  very  best  mining- 
practice  of  the  district.  In  1895^  this  mine  crushed  140, GGo  tons 
of  ore,-  distributed  as  follows  : — 

Main  Reef 36-92  per  cent. 

Main  Reef  Leader 80-86 

South  Reef 32-22 

From  this  there  was  obtained  gold  as  follows  : — 

By  amalgamation     .     .     120,113  ounces,  value  £431,666 
From  the  concentrates .       14,038         „  „  61,723 

Total  mill  yield     .     135,051        „  „        493,389 

By  cyanide  (75,825  tons 

of  taihngs  treated)    .       22,157        „  „  72,553 


Total  gold  obtained  157,208        „  „        565,942 

The  yield  is  thus  19  dwt.  4  gr.  to  the  ton  by  direct  crush- 
ing, and  an  additional  3  dwt,  3  grains  by  the  cyanide  treatment. 
The  value  of  the  gold  produced  is  £4    Os.  od.  per  ton,  whilst  the 

^  Director.^'  Annual  Rejyort,  1895. 

"-  In  South  Africa  the  ton  is  taken  at  2,000  lbs.  avoir.  =  0-8929  statute  ton. 
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cost  of  extracting  the  above  gold,  everything  inckideJ,  works  out  to 
£210,166,  the  remainder,  or  £355,776,  being  the  profit  for  the  year. 
Tlie  cost  of  raining  and  milling  is  given  as  1 9s.  2d.  per  ton. 

The  gold-fields  of  Heidelberg  and  of  the  Nigel  district  are  also 
working  on  conglomerate  deposits,  which  appear  to  form  a  continua- 
tion of  some  of  the  deposits  of  Witwatersrand  proper,  but  their 
exact  correlation  has  not  yet  been  made  out.  These  fields 
produced  in  1894  about  52,000  oz.,  and  in  1895  about  43,600  oz,, 
this  production  being  included  by  the  Chamber  of  Mines  of  Johan- 
nesburg in  the  Witwatersrand  output.  The  following  is  the  total 
production  of  gold,  according  to  that  Chamber,^  of  the  whole 
Witwatersrand  gold-field  since  the  commencement  of  operations  : — 

Year.  Ounces. 

1887 23,125 

1888 208,122 

1889 360,557 

1890 494,817 

1801 729,268 

1892 1,210,869 

1893 1,478,477 

1894 2,024,164 

1895 •     •     •  2,277,640 

Estimated  unrecorded    produc-  )  ^^  r..-.^. 

tion  during  the  years  1887-89      j  '"' 

Totcil     .     .         8,858,039 

Whilst  the  Heidelberg  district  appears  to  form  the  eastern 
extremity  of  the  basin-like  outcrop  of  the  conglomerate  beds,  the 
Klerksdorja  and  Potchefstroom  district  seems  to  be  its  western  termi- 
nation. The  banket  here  is  very  similar  to  that  worked  on  Witwaters- 
rand proper,  though  it  apjDcarsnear  the  surface  both  paler  in  colour 
and  less  consolidated.  The  most  important  company  in  this 
district  is  the  Buffelsdoorn,  which  produced  in  1894  a  total  of 
49,846  oz.  of  gold,  being  close  upon  two-thirds  of  the  entire 
production  of  the  district,  which  amounted  in  1894  to  77,714  oz., 
and  in  1895  to  91,206  oz.,  of  which  latter  figure  the  Buffelsdoorn 
Company  j)roduced  47,193  oz. 

There  are  other  districts  in  the  Transvaal  where  auriferous 
conglomerate  has  been  found.     It  occurs  lying  almost  horizontally 

^  Seventh  Annual  Re2)ort  of  the  Witivatersrand  Chamher  of  Mines  for  1895, 
p.  172. 
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in  the  face  of  the  steep  escarpment  of  the  Duivel's  Kantoor,  as 
also  in  the  Lydenburg  district,  also  flat  lying  ;  a  great  deal  of  work 
has  been  done  in  both  these  places,  but  payable  conglomerate 
has  not  been  found  hitherto  in  either  locality  ;  the  occurrences  are 
nevertheless  interesting  as  showing  that  similar  geological  con- 
ditions must  have  prevailed  over  a  very  considerable  area.  A 
small  patch  of  auriferous  conglomerate  has  been  opened  up 
and  is  being  tested  at  Vryhrid ;  its  yield  for  1895  is  given  as  470  oz. 
In  round  numbers,  the  total  amount  of  conglomerate  treated  in  the 
Transvaal  in  1895  was  8,670,000  (short)  tons  and  the  production 
of  gold  therefrom  2,369,000  oz.,  worth  about  £8,146,000.  Au- 
riferous cpiartz  veins  also  occur  in  the  Witwatersrand  district, 
for  example  at  Kromdrai,  but  are  not  of  much  commercial  im- 
portance, except  from  the  fact  that  it  was  the  discovery  and 
working  of  these  that  led  to  the  discovery  of  the  immense  richness 
of  the  banket  beds. 

The  Lydenburg  district  is  the  oldest  known  gold-field  in  the 
Transvaal.  Alluvial  was  first  worked  there,  chiefly  in  Pilgrim's 
Creek  and  in  the  Blyde  Valley,  where  it  occurred  in  the  form 
of  shallow  placers ;  it  also  Avas  found  in  the  smaller  creeks  of 
the  district,  mostly  tributaries  of  the  first-named,  on  the 
properties  Mac-Mac,  Lisbon,  Berlyn,  Spitzkop,  Graskop,  &c. 
These  deposits  seem  to  have  been  first  worked  in  1873  with  very 
varying  success  ;  some  few  of  the  diggers  did  well,  but  many  barely 
made  a  living,  whilst  it  seems  that  some  were  unable  even  to  do 
that.  No  statistics  are  available,  but  it  has  been  asserted  that 
the  value  of  the  gold  obtained  from  these  alluvial  fields  is  not 
equal  to  that  of  the  money  spent  there  ;  it  has  been  estimated 
that  these  placers  yielded  altogether  gold  to  the  value  of  about 
£500,000. 

Besides  the  alluvial  deposits,  gold  occurs  in  the  Lydenburg 
district  in  various  other  forms.  Extremely  rich  but  very  narrow 
veinlets  of  quartz,  carrying  coarse  free  gold,  often  in  the  form  of  en- 
crusting pseudomorphs  after  iron  pyrites,  were  worked  near  the 
Waterfall  Creek ;  these  veinlets  were  approximately  vertical,  rami- 
fying in  all  directions,  and  were  soon  worked  out.  In  the  same 
place  a  quartz  vein  in  a  diorite  dyke,  giving  about  6  dwt.  of  gold 
to  the  ton,  was  worked  for  a  while  by  the  Lisbon-Berlyn  Company. 
At  present  mining  in  this  district  is  almost  confined  to  one  or 
rnoi'e  flat-lying  beds  of  very  indeterminate  character,  the  richest 
being  known  as  the  Theta  Reef  in  Ophir  Hill  close  to  Pilgrim's 
Rest,  worked  by  the  Transvaal  Gold  Exploration  Comjpany,  Limited. 
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It  consists  apparently  of  a  decomposed  quartzite,  interbedded  with 
siliceous  dolomite  and  massive  quartzites  ;  its  average  thickness  is 
about  three  feet  though  it  increases  in  places  to  six  feet,  and  it  is 
mostly  overlain  by  a  thin  bed  of  black  manganiferous  clayey  matter, 
which  also  carries  gold,  the  average  assay  value  of  the  bed  being 
about  3  oz.  to  the  ton.  It  would  seem  as  though  this  bed  had  been 
formed  by  the  silicification  of  a  bed  of  dolomite,  only  the  lime  and 
magnesia  being  dissolved  out,  and  the  manganese  carbonate  which 
it  originally  contained  in  small  quantity  being  converted  into 
oxide  and  forming  the  above  thin  layer.  Concurrently  with  the 
silicification  of  the  bed  it  was  also  mineralised  by  gold-bearing 
solutions,  which  are  in  some  way  connected  genetically  with  the 
numerous  dioritic  dykes  that  traverse  the  district.  The  gold 
of  this  district  is  very  generally  associated  with  bismutite  ^  in 
small  pockets  or  nests.  The  Transvaal  Gold  Exploration  Company, 
Limited,  produced  in  1893-94  a  total  of  24,676  oz.  from  10,102 
tons  of  ore  treated,  and  in  1895  crushed  28,321  tons,  obtainincr 
33,180  oz.  of  gold.  The  total  production  of  the  Lydenburg  district 
was  60,275  oz.  in  1894  and  63,046  oz.  in  1895. 

The  De  Kaap  district  was  at  one  time  very  actively  worked, 
but  at  present  has  sunk  into  insignificance  with  the  exception  of  the 
Sheba  Company's  mine,  which  alone  produces  over  three-fourths  of 
the  entire  output  of  this  field,  which  is  nevertheless  superficially  one 
of  the  most  extensive  of  the  Transvaal.  The  district  consists  of 
highly  metamorphic  schists  and  quartzites,  which  follow  the  edge 
of  a  huge  boss  of  granite  that  lies  to  the  north  of  the  stratified 
rocks,  whose  general  strike  is  therefore  about  east  and  west,  with 
dips  to  the  south  varying  from  45'  to  nearly  vertical.  These  rocks, 
both  stratified  and  granitic,  are  traversed  by  dykes  of  diorite  and 
pegmatite,  the  latter  in  places  carrying  a  few  garnets.  In  the 
neighbourhood  of  the  granite,  these  rocks  occasionally  carry  small 
ferruginous  intercalated  deposits,  which  are  generally  auriferous,  and 
sometimes  rich  at  the  outcrop,  and  barren  at  shallow  dejsths  ;  they 
are  also  lenticular  in  horizontal  section  and  hence  do  not  extend 
far.  In  some  cases,  e.g.,  in  the  Bullion  Reef,  the  deposit,  though 
small,  Avas  workable,  this  reef  having  yielded  over  five  ounces 
of  gold  to  the  ton.  The  Sheba  Reef  has  been  described  by 
Schmeisser  as  a  complex  deposit  consisting  of  a  number  of  closely 
conjoined    fissure   veins,  forming   thus    a    complex   contact  vein,'^ 

^  H.  Louis,  "Note  on  the  Occurrence  of  Bismutite  in  the  Transvaal,"  Min. 
Mag.  1887,  vii.  p.  1.39. 
2  Op.  cif.   p.  30. 
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with  a  quartzite  banging  wall,  and  diorite  of  slaty  structure  on 
the  footwall  side.  The  vein  itself,  some  120  feet  thick  on  the 
average,  consists  of  quartz  jjassing  in  places  into  quartzite.  The 
footwall  is  clearly  marked,  the  hanging  wall  less  so,  the  vein  matter 
jDassing  gradually  into  the  country  rock.  Horses  of  the  hanging- 
wall  rock  are  often  found  enclosed  in  the  vein.  The  richness  of 
the  quartz  is  very  variable  ;  near  the  surface,  where  a  certain 
amount  of  local  enrichment  had  no  doubt  taken  place,  it  has  yielded 
as  much  as  10  oz.  of  gold  to  the  ton,  but  its  average  of  recent 
years  has  been  about  1  oz.  The  gold  throughout  seems  to  run  in 
shoots  which  are  exceptionally  well  marked  and  which  dip  with 
the  deposit ;  some  of  it  is  coarse,  but  some  is  exceedingly  fine. 
The  ore  contains  a  small  proportion,  about  I5  per  cent.,  of 
jiyrites. 

It  is  very  doubtful  whether  Schmeisser's  opinion  regarding  the 
character  of  this  deposit  is  correct.  It  seems  far  more  probable 
that  it  is  an  altered  bed  than  a  contact  vein  ;  the  bed  was 
probably  originally  quartzose,  and  has  been  altered  by  mineralising 
solutions  making  their  way  along  what  is  now  the  footwall  of  the 
deposit.  The  impermeable  strata  on  the  footwall  side  were 
not  attacked,  but  the  solution  penetrated  and  altered  the  bed  for  a 
variable  distance  from  this  wall ;  hard  portions  of  the  quartzite 
were  not  attacked  and  therefore  appear  as  horses  enclosed  in  the 
vein.  The  solution  being  highly  siliceous  would  account  for  the 
hard,  close  nature  of  the  dark -blue  quartz  of  the  deposit,  whilst 
this  same  explanation  also  accounts  for  the  gradual  passage  of 
the  country  rock  on  the  hanging  side  into  this  typical  quartz. 
It  is,  in  fact,  another  instance  of  a  deposit  formed  metasomatically. 
Under  these  conditions,  it  is  quite  natural  to  expect  the  gold 
to  run  in  shoots,  and  it  is  fairly  evident  why  the  neighbours  of  the 
Sheba  Mine,  working  upon  the  same  line  of  deposit,  have  found 
the  bed  continuous,  but  not  its  rich  contents.  Whether  the  shoot 
will  maintain  its  richness  in  depth  is  an  open  question. 

The  Sheba  Company  ^  crushed  in  1894  a  total  of  45,852  tons  ^  of 
ore,  and  obtained  from  the  mill  and  cyanide  works  73,414  oz.  of 
o-old.  In  1895  this  company  crushed  24,875  tons  and  got 
altoo-ether  39,428  oz. ;  this  falling  off  in  production  had  nothing  to 
do  with  the  mine,  but  was  caused  by  an  accident  owing  to  which 
the  mill  did  very  little  work  for  four  months.  From  the  date  of 
the  discovery  of  the  mine  in  1886  up  to  the  end  of  September, 

1  Report  oj  the  Directors  for  1895. 

-  These  are  long  or  statute  tons  of  2,240  lbs. 
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1895,  the  total  production   of  gold  has  been   258,205  oz.,  worth ' 
£972,663. 

On  Moodies'  there  are  at  any  rate  two  well  marked  lines  of 
reef,  which  are  apparently  fissure  veins,  very  nearly,  ii  not  quite, 
parallel  to  the  stratification  of  the  enclosing  country  rocks.  The 
principal  line  is  known  as  the  Pioneer,  the  other  one  to  the  north 
of  the  former  as  the  Ivy  reef.  Each  of  these  reefs  have  parallel 
branches ;  the  country  rock  of  the  Pioneer  reef  is  mostly  bright 
green  chloritic  schist,  that  of  the  Ivy  reef  talcose  schist,  the 
stratification  being  traversed  by  several  dioritic  dykes.  The  reefs 
run  about  east  and  west  and  are  nearly  vertical,  dipping,  if  at  all, 
to  the  south.  These  veins  are  of  very  wdiite  quartz,  in  marked 
contrast  to  the  colour  of  the  quartz  from  the  Sheba  Mine.  The 
gold  occurs  in  well-marked  shoots  which  tend  to  dip  to  the  east, 
and  is  generally  rather  coarse  ;  it  is  extremely  patchy,  so  that  the 
results  obtained  in  this  district  have  not  been  equal  to  the 
expectations  at  first  formed  of  it.  In  1894  the  output  of  the 
Pioneer  Company  was  66()  oz.,  and  that  of  the  United  Ivy 
3,489  oz. ;  the  latter  company  produced  2,226  oz.  in  1895. 

Included  in  the  De  Kaap  gold-field  is  the  curious  occurrence 
■of  sfold  on  the  Duivel's  Kantoor.  Here  considerable  amounts  of 
ao-called  alluvial  have  been  obtained  from  time  to  time ;  it  is 
not,  however,  true  alluvial,  but  consists  of  particles  and  masses  of 
highly  crystalline  gold,  which  appear  to  occur  in  the  soil  formed 
by  the  weathering  of  the  rocks  m  situ ;  fragments  of  quartz,  &c., 
occur  in  this  ground  with  sharp  edges  and  not  as  rounded  pebbles  ; 
€ubes  sometimes  |-inch  in  the  edge  of  lim.onite,  pseudomorphous 
after  pyrites  are  plentiful ;  the  gold,  which  sometimes  forms  en- 
crusting pseudomorphs  after  pyrites,  but  is  generally  in  crystalline 
masses  of  say  1  dwt.  to  50  oz.  in  weight,  is  usually  coated  with 
a  crust  of  oxide  of  iron,  which  is  at  times  manganiferous.  The 
appearance  of  the  deposit  suggests  that  simultaneously  with  the 
weathering  of  these  rocks,  gold  either  disseminated  through  them, 
or  contained  in  thin  quartz  reefs  which  traverse  them,  entered 
into  solution  and  was  at  once  re-precipitated,  j^ossibly  by  the 
sulphate  of  iron  which  was  also  being  formed  by  the  slow  oxidation 
of  the  cubes  of  pyrites ;  it  may  be  added  that  the  pyrites,  itself 
oxidised  to  limonite,  gave  no  gold  on  assay.  These  so-called 
alluvial  deposits  produced  about  GOO  oz.  of  gold  in  1894  and 
about  the  same  in  1895.  Near  the  Duivels  Kantoor  the  Barretts 
Berlyn  Company  is  mining  a  mass  of  highly  decomjDosed  felspathic 
^  Beport  of  the  Directors  for  1895. 

3    B 
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rock  traversed  by  thin  auriferous  veinlets,  which  may  be  described 
as  a  kind  of  stockwork.  This  company  produced  in  1894  a  total 
of  4,358  oz.  of  gold,  and  thus  took  the  second  place  as  a  gold 
producer  «n  the  De  Kaap  fields,  although  its  output  was  only 
one-seventeenth  of  that  of  the  leading  mine,  namely  the  Sheba. 
In  1895  the  output  was  6,198  oz.  The  following  table  shows 
the  production  of  the  De  Kaap  fields  since  the  beginning  of  active 
operations  in  1885  : — 

Year.  Production. 

1885-86 17,269  ounces. 

1887 25,817       „ 

1888 48,891       „ 

1889 .  85,002       „ 

1890 23,710       „ 

1891 61,385       „ 

1892 63,125 

1893 67,497       „ 

1894 92,577       „ 

1895 63,046       „ 

Total  .     .  4987319^     „ 

The  numerous  other  less  important  gold-fields  that  are  re- 
cognised all  over  the  Transvaal,  as  well  as  in  the  adjoining  districts 
of  Swaziland,  present  no  features  of  especial  interest ;  the  gold 
mostly  occurs  in  quartz  veins,  which  are  generally  of  the  bedded 
vein  type,  and  it  is  noticeable  that  they  are  for  the  most  jDart 
associated  more  or  less  directly  with  the  existence  of  diorite  dykes, 
which  seem  to  exert  in  some  way  an  influence  upon  the  presence  of 
the  gold.  The  table  ^  on  following  page  gives  the  details  of  the  pro- 
duction of  gold  in  the  Transvaal  between  the  years  1890  and  1895. 

The  value  -  of  the  output  from  the  different  districts  for  1895  i& 
given  as  follows : — 

Witwatersrand £7,840,779 

Klerksdrop  and  Potchefstroom     .     .     .  304,886 

De  Kaap ■     .  219,138 

Lydenburg 174,712 

Zoutpansberg 32,000 

Malmani 3,008 

Other  districts 3,027 

Total     .     .     £8,577,550 

1  Report  of  tht  Chamber  of  Mi wi,  Johannesburg,  1895.  -  Ihid. 
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Table  showing  the  Output  of  Gold   ix   the  Transvaal  from  the  Year 
1890  TO  1895  INCLUSIVE. 


Districts. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

Witwatersrand    .    . 

494,817 

729,238 

1,210,869 

1,478,477 

2,024,164 

2,277,640 

Klerksdorji        and  \ 
Potchefstrooin .    / 

10,358 

10,682 

8,968 

24,407 

77,714 

90,841 

De  Kaap  .... 

20,735 

61,385 

63,125 

67,497 

92,577 

63,046 

Lydenburg     .      .      . 

-14,315 

23,903 

24,092 

29,329 

60,275 

63,506 

Zoutpansberg  (Klein 

Letaba)       .      .     . 

7,926 

14,694 

6,588 

9,174 

8,726 

Malniani    .... 

— 

— 

2,061 

1,719 

494 

829 

Other  districts  . 

— 

— 

1,585 

2,318 

1,455 

824 

Totals      .     .     . 

540,225 

833,134 

1,325,394 

1,610,335 

2,265,853 

2,505,412 

Other  Metals. — In  addition  to  gold,  the  Transvaal  is  rich 
in  deposits  of  the  ores  of  other  metals,  which  have,  however,  been 
comparatively  neglected  hitherto.  The  most  important,  perhaps,  are 
veins  of  argentiferous  galena,  which  have  been  found  in  the  Pretoria 
district  traversing  granites  and  associated  with  diorite  dykes.  The 
gangue  consists  of  quartz  and  spathic  ore,  the  metallic  minerals  are 
argentiferous  galena,  some  copT)er  ores,  and  zinc  blende.  But  little 
work  has  been  done  on  these  deposits.  Copper  ores  and  lead  ores  are 
rejDorted  from  various  districts  as  also  iron  ores,  but  none  of  these 
have  as  yet  been  worked.  Rich  magnetic  iron  ore  is  said  to  occur 
in  the  Middelburg  district,  in  which  a  deposit  of  manganiferous 
cobalt  ores  was  worked  for  some  years  about  1875.  Tinstone  is  said 
to  occur  in  the  Komati  district,  but  has  not,  so  far,  been  worked  to 
any  extent ;  a  few  tons  seem  to  have  been  shipped  to  England. 
Cinnabar  occurs  in  the  same  district,  and  is  also  reported  near 
Pretoria,  On  account  of  the  great  difficulty  and  expense  of 
transport,  and  the  absence  hitherto  of  any  local  demand,  no  mines 
except  gold  mines  have  been  found  worth  working. 

Gold  has  also  been  found  in  countries  bordering  on  the 
Transvaal,  in  Swaziland  to  the  south-east,  and  Mashonaland  and 
Matabeleland  to  the  north.  In  Mashonaland  gold  reefs  that  have 
been  extensively  worked  by  some  ancient  race  of  which  we  have 
no  other  records,  have  been  met  with.  Some  of  these  are  said  to 
be  rich,  but  most  of  the  statements  respecting  them  emanate  from 
interested  parties,  and  must  be  received  with  caution.  It  seems 
undoubted  that  auriferous  quartz  reefs,  apparently  fissure  veins, 
exist  in  the  Chartered  Company's  territories,  but  although  they 
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have  now  been  worked  energetically  for  some  years,  the  production 
of  ffold  has  been  limited  to  a  few  thousand  ounces.  It  cannot 
be  said  that  anything  definite  is  really  known  about  them  up  to 
date. 

NORTH   AMERICA. 

THE   UNITED   STATES. 

Mr.  R.  W.  Raymond,^  in  a  paper  on  the  mining  districts  of  the 
United  States,  recalls  the  fact  that  W.  P.  Blake,  in  a  note  to  his 
Catalogue  of  California  Minerals,  first  pointed  out  that  the  mining 
districts  of  the  Pacific  slope  are  arranged  in  parallel  zones,  following 
the  prevailing  direction  of  the  mountain  ranges.  More  recently 
Clarence  King  has  summarised  these  phenomena  nearly  as  follows  : 
The  Pacific  coast  ranges  carry,  on  the  west,  quicksilver,  tin,  and 
chrome  iron  ores.  The  next  belt  is  that  of  the  Sierra  Nevada, 
and  of  the  Cascade  Mountains  of  Oregon,  which,  upon  their  western 
slope,  carry  two  distinct  zones,  a  foot-hill  chain  of  copper  mines, 
and  a  middle  line  of  gold  deposits,  which  extend  into  Alaska. 
Lying  to  the  east  of  this  zone,  along  the  eastern  base  of  the  Sierras, 
aud  stretching  southward  into  Mexico,  is  a  chain  of  silver  mines 
which  are  frequently  included  in  volcanic  rocks.  Through 
Central  Mexico,  Arizona,  Central  Nevada  and  Middle  Idaho  there 
is  another  line  of  silver  mines,  which  more  often  occur  in  the  older 
rocks.  Through  New  Mexico,  Utah  and  Western  Montana  lies 
another  zone  of  argentiferous  galena  lodes,  and  again  to  the  east 
the  New  Mexico,  Colorado,  Wyoming  and  Montana  gold-belt 
forms  a  well-defined  and  continuous  chain  of  deposits.  Raymond 
agrees  that  this  parallelism  exists,  although  in  a  somewhat 
irreo^ular  way,  and  that  it  is  chiefly  referable,  as  Blake  and 
Kino-  have  shown,  to  the  structural  features  of  the  country.  East 
of  the  Rocky  Mountains  there  is  but  one  longitudinal  range, 
namely,  that  of  the  Alleghanies,  which  is  accompanied  by  a 
o-old-bearing  zone  of  irregular  extent  and  value.  The  immense 
minino-  activity  of  the  last  twenty  years  has  brought  to  light  a  very 
large  number  of  ore  deposits  whose  distribution  does  not  always 
fit  in  with  the  above  scheme.  The  quantity  of  mines  of  all  kinds 
now  beino-  worked  in  the  United  States  is  so  great  that  it  would 
be  impossible  to  give  anything  like  a  complete  account  of  them 
within  the  limits  of  the  present  work,  hence  the  more  important 
or  the  more  remarkable  deposits  can  alone  be  here  referred  to. 

1  Tmm.  Amer.  /«>/.  Min.  Bug.,  i.  1873,  p.  33. 
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Gold  and  Silver. 


The  gold-fields  of  the  United  States  of  Ainerica  may  be  divided 
into  three  distinct  groups,  namely : — the  Pacific  division,  the 
division  of  the  Rocky  Mountains,  and  the  Eastern  division.  As 
however  the  first  two  of  these  groups  sometimes  yield  both  gold 
and  silver  from  the  same  deposits,  it  will  be  more  convenient  to 
include  the  two  precious  metals  under  one  heading  than  to  treat 
of  them  separately. 

Pacific  Division. — The  Pacific  division  comprehends  Cali- 
fornia, Nevada,  Utah,  Arizona,  Idaho,  Oregon,  Washington  and 
Alaska,  and,  although  by  far  the  most  productive  of  the  gold 
regions  of  the  United  States,  it  is  by  no  means  the  oldest  of  them, 
gold  having  been  first  discovered  in  large  quantities  in  California 
only  in  the  year  1848.  This  State  still  continues  to  yield  the 
largest  amount  of  gold  of  any  of  the  States  or  Territories  of 
the  Pacific  division,  but  its  production  of  silver  is  comparatively 
small. 

The  principal  gold-bearing  belt  of  California  ^  extends  along 
the  lower  slopes  of  the  Sierra  Nevada  for  a  distance  of  more 
than  700  miles,  and  varies  in  Avidth  from  twenty  to  sixty  miles. 
The  central  mass  of  the  Sierra  consists  of  granite,  which  is  flanked 
by  clay  slates,  mica  schists,  chloritic  schists,  talc  schists  and 
hornblendic  schists,  sometimes  associated  with  quartzites  and  lime- 
stones. The  strike  of  the  sedimentary  rocks  constituting  the 
auriferous  belt  is  nearly  north  and  south,  and  the  enclosed  veins 
of  gold-bearing  quartz  generally  course  in  a  direction  nearly  parallel 
to  its  longitudinal  axis. 

The  first  statement  relative  to  the  age  of  these  rocks  was 
made  by  J.  D.  Whitney  in  1864,  and  it  now  appears  to  be  a 
well-established  fact  that  a  large  portion  of  the  auriferous  rocks 
of  California  consists  of  metamorphosed  Triassic  and  Jurassic 
strata,  whilst  nothing  older  than  Carboniferous  has  been  found  in 
the  gold-bearing  region.  The  only  fossils  older  than  Triassic 
which  have  been  discovered  to  the  west  of  the  crest  of  the  Sierra 
Nevada  aie  those  of  the  limestone  belt,  of  which  by  far  the  most 
fossiliferous  locality  is  at   Bass's  Ranch,  in  Shasta  County.     The 

1  J.  D.  Whitney,  "  The  Auriferous  Gravels  of  the  Sierra  Nevada  of  California," 
Memoirs  of  the  Museum  of  C'omjjarative  Zoolo(jy  at  Harvard  College,  Cambridge, 
vi.  188U.  Geoloyiral  Surrey  of  California,  i.  1865,  p.  327.  B.  Silliman,  Report  on 
the  Deep  Placers  of  the  South  and  Middle  Ynha,  San  Francisco,  1864.  Clarence 
King,  "Production  of  the  Precious  Metals,"  Report  of  the  Secretary  of  the  Interior, 
Washington,  1882,  iii.  p.  335.      The  Reports  of  the  California  State  Mineraloqist. 
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fossils,  wliicli  liere   occair  in  great  abundance,   are   of  undoubted 
Carboniferous  age. 

In  the  southern  portion  of  the  State  there  are  several  gold- 
fields  of  subordinate  extent,  many  of  v/hich  may  be  regarded  as 
practically  exhausted,  and  which  are  now  chiefly  interesting  as 
having  fui-nished  the  earliest  evidence  of  the  existence  of  gold  in 
California.  Some  of  these  southern  placers  are  said  to  have  been 
known  to  the  Spanish  missionaries  long  previous  to  the  date 
generally  assigned  to  the  first  discovery  of  gold,  but  they,  for 
j)rudential  reasons,  prevented  as  far  as  possible  the  spread  of 
rumours  respecting  the  existence  of  gold  in  the  vicinity  of  their 
mission  lands. 

The  original  source  of  the  gold  of  California  is  undoubtedly  in 
the  veins  of  gold-bearing  quartz  which  occur  abundantly  in  tlie  slates 
and  other  metamorphic  rocks  of  the  western  slope  of  the  Sierra. 
Historically,  however,  these  veins  of  auriferous  quartz  ai-e  secondary 
to  the  shallow  and  deep  placer  diggings,  in  the  former  of  which  the 
first  Qfold  found  in  the  State  was  discovered,  and  which  for  some 
years  furnished  nearly  the  Avhole  of  the  gold  produced  in  the 
country.  There  can  be  but  little  doubt  that  the  gold  in  the 
auriferous  gravels  was  originally  derived  from  the  degradation  of 
veins  of  gold-bearing  quartz,  and  the  distribution  of  the  detritus 
thus  produced  by  the  mechanical  agency  of  water.  It  has 
also  been  conclusively  proved  that  the  gold-bearing  gravels  of 
California  belong  to  two  distinct  periods,  both  of  which  are 
comparatively  modern ;  those  of  the  later  period  being  distinctly 
separated  in  time  from  those  of  the  earlier,  from  the  breaking-up 
and  re-distribution  of  the  materials  of  which  the  later  gravels 
chiefly  derive  their  origin  {see  also  page  20). 

The  sources  from  which  Califoruian  gold  has  been  derived  are 
consequently  the  following  : — 

1st.  The  distribution  of  placer  gold  by  the  jiresent  river  system, 
giving  rise  to  shallow  diggings. 

2nd.  The  distribution  of  placer  gold  by  an  ancient  river  system 
in  beds  of  sand,  gravel,  and  pebbles,  known  as  deep  diggings. 

ord.  Gold-bearing  quartz  veins  enclosed  in  metamorphic  rocks. 

The  attention  of  the  first  miners  was  exclusively  directed  to 
the  shallow  placers,  in  which  the  gold  lay  near  the  surface,  and 
within  the  reach  of  those  whose  whole  capital  consisted  of  ordinary 
mining  tools.  Here  their  labour  was  often  abundantly  remu- 
nerated, whilst    the    skill    necessary    was    comparatively    limited. 
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In  proportion  as  these  surface  dejDosits  became  imj)overislied  and 
gradually  exhausted,  appliances  were,  by  degrees,  introduced 
for  sluicing-  and  collecting  gold,  requiring  the  employment  of 
an  increased  amount  of  skill  and  a  somewhat  larger  capital. 
Finally,  it  was  discovered  that  extensive  auriferous  deposits  were 
to  be  found  at  levels  far  above  the  course  of  the  present  streams, 
and  an  entirely  new  method  of  working  became  necessary.  In 
order  to  meet  these  new  conditions  the  system  now  known  as  the 
hydraulic  process  was  invented, and  deep  diggings  were  inaugurated. 

The  gravels  and  cements  of  the  deep  diggings  of  California 
so  closely  resemble  the  deep  leads  of  Australia,  both  in  composition 
and  in  geological  age,  as  scarcely  to  require  a  detailed  descrip- 
tion. As,  however,  the  conditions  in  the  two  countries  are  not 
absolutely  identical,  a  short  abstract  of  Professor  13.  Silliman's 
•description  of  the  deep  placers  on  the  Yuba  River  may  not  be 
Avithout  interest. 

In  this  locality  the  auriferous  gravels  have  frequently,  where 
they  have  been  exposed  to  denudation,  a  thickness  of  120  feet,  and 
•of  more  than  250  feet  where  they  have  been  protected  by  a 
volcanic  capping.  These  immense  deposits  consist  of  rounded 
fragments  of  quartz,  diorite,  syenite,  and  of  all  the  metamorphic 
rocks  found  above  them  in  the  Sierra.  They  often  enclose  iron 
l^yrites,  and  are  frequently  so  cemented  together  as  to  form  a  hard 
conglomerate.  In  some  instances  these  auriferous  deposits  have 
been  found  in  the  immediate  vicinity  of  gold-bearing  quartz  veins, 
and  have  therefore,  in  such  cases,  been  formed  in  situ.  They,  are 
often  locally  stratified,  but  there  is  usually  no  continuit}^  in  the 
bedding.  Generally  speaking,  the  lower  portions  consist  of  larger 
boulders  than  the  upper,  but  this  does  not  exclude  the  appearance 
of  large  rounded  masses  of  rock  in  the  middle  and  upper  members 
•of  the  series. 

When  a  fresh  section  of  one  of  these  deposits  is  exjDosed, 
such  as  may  be  seen  in  hydraulic  claims  in  active  operation,  a 
marked  difference  will  be  observed  between  the  colours  of  the  upper 
and  lower  portions  of  the  mass.  This  is  chiefl}'  caused  by  the 
oxidation  of  iron  pyrites  through  the  action  of  surface  water,  thus 
staining  the  gravels  red  or  brown  in  undulating  lines  contrasting 
sti'ongly  with  the  blue  colour  of  the  unoxidised  detritus.  The  blue 
coloured  portions  of  these  gravels  are  highly  impregnated  with  iron 
pyrites,  which  forms  one  of  the  chief  cementing  materials  by  which 
they  are  held  together.  Isolated  patches  of  fine  sand,  frequently 
•exhibiting  indications  of  false  bedding,  are  often   observed   in  the 
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upper  portions  of  the  deposit,  and  in  these  are  found  large  quan- 
tities of  silicified  fossil  wood,  which,  although  retaining  its  original 
structure,  is  frequently  flattened  by  pressure  and  blackened  to  the 
colour  of  coal.  Analyses  of  two  specimens  of  this  wood  will  be 
found  on  page  22.  In  some  instances  these  auriferous  gravels  are 
covered  by  a  volcanic  capping  in  the  form  of  basalt,  and  in  such 
cases  the  fossil  wood  is  almost  always  beautifully  silicified.  Gold 
is,  to  some  extent,  disseminated  throughout  the  whole  mass  of 
these  great  gravel  deposits,  but  is  always  in  greatest  abundance 
near  the  bottom,  and  especially  in  direct  contact  with  the  bed-rock, 
which  is  usually  grooved  and  polished  by  glacial  or  aqueous 
agency. 

After   the    removal   of    the   superincumbent    gravels    by    the 
hydraulic  process,  the  grains  and  scales  of  gold  remaining  upon  the 
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Fig.  115. — Section  between  the  Middle  and  Soutli  Yulia  Rivers. 


bed-rock  are  sometimes  brilliantly  conspicuous.  These  are,  in  many 
cases,  inlaid  so  firmly  upon  the  hard  granitic  bed  of  the  ancient 
river  course  as  to  resemble  a  gilt  mosiac,  and  the  whole  surface  of 
the  rock  has  to  be  worked  over  by  the  pick  in  order  to  secure  the 
gold  entangled  within  its  substance.  In  cases  where  the  bed-rock 
consists  of  comparatively  soft  materials  such  as  mica  schist  or  clay 
slate,  it  is  usually  found  advantageous  to  break  it  up  to  a  depth  of 
from  eight  to  ten  inches  in  order  to  liberate  the  enclosed  gold. 

The  ridge  of  land  which  is  embraced  between  the  Middle  and 
South  forks  of  the  Yuba  River  is  from  six  to  eight  miles  in  width, 
and,  to  the  limits  of  the  auriferous  gravel,  extends  altogether  about 
thirty  miles,  thus  forming  an  area  of  approximately  two  hundred 
square  miles.  The  more  elevated  portions  of  this  ground  are 
covered  by  a  heavy  bed  of  volcanic  ashes  and  breccia,  as  seen  in 
Fig.  115,  which  represents  a  section  upon  a  line  drawn  from  the 
Fellows  Quartz  Lode,  on  the  Middle  Yuba,  south-east,  through 
Snow  Point  and  Mount  Zion  to  the  South  Yuba,  having  once  formed 
a  continuous  sheet  over  a  region  of  considerable  extent.     This  mass- 
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of  volcanic  ashes  contains  auo-ular  fraoments  of  cellular  lava, 
trachyte,  basalt,  porphyry,  and  of  various  other  rocks  foreign  to  the 
ofeneral  geolosfv  of  the  country. 

The  extent  of  the  gravels  constituting  the  deep  diggings  of 
California  is  very  large,  and  in  some  instances  their  richness  has 
been  remarkable.  A  French  engineer  who  visited  California  many 
years  ago  states  that,  at  Mokelumne  Hill,  250  lbs.  of  gold  had 
been  extracted  from  a  few  centimetres  of  material  lying  immediately 
above  the  bed-rock,  within  an  area  of  fifteen  square  feet.^ 

A  remarkable  deposit  of  auriferous  gravel  has  been  extensively 
worked  under  Table  Mountain  in  Tuolumne  county,  the  summit 
of  which  is  occupied  by  a  thick  bed  of  basalt,  in  some  places 
distinctly  columnar.  This  basaltic  capping  is,  in  the  neighbourhood 
of  Sonora,  150  feet  in  thickness,  and  near  the  entrance  of  the 
celebrated  Buckeye  Tunnel  its  width  is  about  1,700  feet.  Beneath 
this  lava  is  a  heavy  deposit  of  sedimentary  material,  consisting 
chiefly  of  a  fine-grained  sandstone  interstratified  wdth  seams  of  clay 
and  argillaceous  shale.  With  these  are  associated  beds  of  a  strongly 
cohering  conglomerate  or  cement,  "svhilst  at  the  bottom  is  found  the 
ordinary  pay  gravel.  In  California,  as  in  Australia,  these  lava- 
capped  deposits  are  mined  by  means  of  shafts  and  levels. 

The  metamorphic  rocks,  which  form  a  comparatively  narrow- 
zone,  running  from  north  to  south  along  the  western  flank  of  the 
Sierra  Nevada,  contain  numerous  and  important  veins  of  auriferous 
quartz.'  These  are  not  by  any  means  equally  distributed  through- 
out the  whole  region  of  slates,  but  are  chiefly  concentrated  in- a 
belt  having  a  width,  from  east  to  west,  of  some  fifteen  or  twenty 
miles,  and  extendinof  from  north  to  south  the  whole  length  of  the 
formation.  These  veins,  for  the  most  part,  follow  the  general  strike 
of  the  strata  in  which  they  are  enclosed,  although  this  parallelism 
is  not  always  absolute.  In  many  cases  a  vein,  besides  having  a 
direction  somewhat  differino-  from  that  of  the  bedding  of  the  en- 
closing  rock,  throws  off  strings  and  branches  traversing  the  slate  at 
considerable  angles. 

The  gangue  of  the  auriferous  veins  of  California  is  invariably 
(|uartz,  which  is  crystalline  and  semi-transimrent,  and  contains  a 
little  alumina  together  with  traces  of  potash.  In  many  cases 
the   quartz    constituting    an    auriferous  vein  is  ribboned  in  such 

^  P.  Laur,  '•  Du  (Tisement  et  de  T Exploitation  de  TOr  en  Califoniie,"  Ann.  de-s. 
Mines,  iii.  1863,  p.  412. 

-  J.  A.  Phillips,  "Xotes  on  the  Chemical  Geology  of  the  Gold-fields  of 
California,"  Phif.  Mag.,  xxxvi.  1868,  p.  -231. 
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a  way  as  to  present  the  appearance  of  a  succession  of  layers 
parallel  to  its  walls,  one  or  more  of  these  laminae  being  often 
more  productive  than  all  the  others.  In  some  instances  these 
parallel  bands  are  sejaarated  from  one  another  by  thin  layers  of 
quartz  differing  either  in  colour  or  structure  from  that  forming 
the  seams  themselves.  In  some  cases,  however,  lamina;  of  the 
enclosing  slates  divide  the  vein  into  distinct  bands,  and  in  such 
instances  the  thickness  of  the  interposed  film  of  slate  is  some- 
times not  greater  than  that  of  the  thinnest  paper.  Cavities  or 
druses  lined  with  crystals  of  quartz  are  occasionally,  although 
rarely,  found  in  the  auriferous  veins  of  California,  but,  generally 
speaking,  quartz  cr3'stals  seldom  occur  in  notable  quantities  in  the 
more  productive  veins.  When  the  structure  of  a  vein  is  highly 
crystalline,  and  the  quartz  more  than  ordinarily  transparent,  it  is 
considered  an  unfavourable  indication  with  regard  to  its  auriferous 
character.  The  quartz  of  the  gold-bearing  veins  of  the  Pacific 
slope  of  the  Sierra  Nevada  is,  as  a  rule,  comparatively  free  from 
the  fluid  cavities  which  are  of  such  frequent  occurrence  in  that  of 
ordinary  lodes. 

The  minerals  usually  associated  with  gold  in  the  auriferous 
veins  of  California  are  iron  pyrites,  blende  and  galena,  with,  less 
frequently,  mispickel,  magnetic  pyrites,  copper  pyrites  and  cin- 
nabar. These  sulphides  invariably  enclose  gold,  and  veins  in 
which  some  one  or  more  of  them  does  not  occur  in  notable 
tpiantity,  are  not  often  lastingly  productive.  In  many  cases 
tellurides  also  occur  in  small  quantities,  and  then  the  vein  is 
generall}^  rich  ;  the  tellurides  themselves  also  carry  a  great  deal 
of  gold,  and  compounds  of  gold  with  tellurium,  such  as  sylvaite 
and  petzite,  also  occur,  especially  in  Calaveras  County.  Near  the 
outcrops  the  iron  pyrites  and  other  sulphides  become  decomposed 
by  the  action  of  air  and  the  percolation  of  surface  waters,  stain- 
ing the  quartz  of  a  red  or  brown  colour,  and  leaving  the  gold  in  a 
form  favourable  for  amalgamation.  In  such  cases  moulds  after 
cubical  iron-pyrites  are  at  times  found  in  the  decomposed  vein- 
stone, and,  although  that  mineral  has  been  entirely  removed,  the 
cavities  left  by  it  contain  finely  divided  gold,  obviously  liberated 
by  the  oxidation  of  the  mineral.  Beneath  the  line  of  the  natural 
drainage  of  the  country  the  sulphides  remain  undecomposed,  and 
the  extraction  of  gold  has  then  to  be  conducted  by  methods  more 
complex  than  those  of  simple  amalgamation. 

In  addition  to  the  gold  thus  enclosed  in  the  various  metallic 
sulphides,  grains  and  small  flakes  of  that  metal  are  disseminated 
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through  the  veinstone,  and  this  is  especially  the  case  in  the  vicinity 
of  certain  dark-coloured  streaks  generally  almost  parallel  to  the 
lines  of  apparent  deposition  of  the  quartz.  This  dark  substance 
is,  in  some  cases,  roscoelite,  a  micaceous  mineral  containing  above 
28  per  cent,  of  vanadic  oxide.  When  gold  is  found  lining  a  drusy 
cavity  oi*  is  enclosed  in  the  plastic  selvage  of  a  vein,  it  often 
occurs  in  well-formed  crystals ;  but,  when  crystallisation  has  taken 
place  in  a  narrow  fissure,  the  crystals  are  much  flattened  and  often 
become  plate-like  in  form. 

The  veinstone  regarded  by  quartz  miners  as  most  "  favourable 
for  gold  "  is  seamy,  stained  by  oxide  of  iron  resulting  from  the 
decomposition  of  iron  pyrites,  mottled,  and  somewhat  resembling 
marble.  In  addition  to  quartz,  hydrated  silica  or  semi- opal,  and 
■chalcedony  have  occasionally  been  observed  in  auriferous  quartz 
veins,  and  in  some  instances  the  opaline  silica  is  interfoliated 
between  layers  of  normal  quartz,  and  is  conveyed  with  it  to  the 
stamp-mill  for  treatment.  A  well-defined  band  of  semi-opal  of 
this  kind  was  visible  in  the  North  Star  Yein,  at  Grass  Valley, 
w^hen  I  (J.  A,  P.)  visited  that  mine  in  1865. 

The  walls  of  Ihe  auriferous  quartz  veins  are  not  infrequently 
smooth  and  well-defined,  and  often  afford  evidence  of  a  considerable 
-amount  of  faulting.  In  case  of  a  lead  ^  being  divided  into  bands 
by  interfoliations  of  slate  or  otherwise,  the  planes  of  junction  are 
sometimes  marked  by  deep  groovings,  indicating  that  a  grinding 
action  has  taken  place  between  the  adjoining  surfaces. 

One  of  the  most  remarkable  gold  veins  in  California  is  the 
Great  Mother  Lode,  extending  from  Mount  Ophir  in  Mariposa 
•Count}'  to  Mokelumne  Hill  in  Calaveras  County,  a  distance  of 
over  seventy  miles.  This  immense  lode  would  be  more  correctly 
described  in  many  parts  of  its  course  as  a  mineralised  belt,  rather 
than  as  a  simijle  vein.  In  some  places  it  only  exists  as  a  single 
lode,  the  width  of  which  may  vary  from  a  thin  seam  to  several 
hundred  feet ;  often  it  is  split  into  two  or  more  branches,  as,  for 
instance,  at  Angels  Camp  and  at  Carson  Hill,  where  there  are  two 
well-marked  main  branches  ;  in  other  places,  as  in  Amador  County, 
it  is  split  into  a  very  large  number  of  smaller  veins,  which  form  a 
mineral  belt  over  a  mile  in  width.  In  some  places  its  outcrop 
stands  out  prominently  as  a  high  white  wall  fifteen  feet  above  the 
level   of   the  surrounding  country,  and    can    be    followed   almost 

'  In  California  a  quartz  vein  is  called  a  "  lead,"  and  in  Australia  a  "  reef." 
In  the  gold  regions  of  the  latter  country  the  term  Itad  is  applied  to  tlie  deposits 
•of  the  deep  placers. 
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continuously  on  the  surface  for  miles.  The  greatest  depth  to 
which  the  vein  has  been  opened  (twenty-two  hundred  feet)  has 
shown  no  weakening  of  the  vein,  nor  deterioration  of  the  ore.^ 
The  vein  or  veins  generally  occur  in  a  belt  of  black  slate,  with 
either  slate,  diorite,  diabase,  serpentine,  or,  rarely,  granite,  forming 
one  of  the  walls.  It  is  undoutedly  a  fissure  vein,  parallel  to  the 
stratification  of  the  country  (about  north-west — south-east),  and 
dipping  in  the  same  direction,  at  times  cjuite  parallel  with  it,  but 
at  times  a. few  degrees  flatter  than  the  dip  of  the  enclosing  rocks. 
The  filling  material  is  quartz  with  a  green  mineral  known  as 
mariposite  often  disseminated  through  it,  and  carrying  ankerite 
in  places.     The  accompanying  section,  Fig.  116,   taken  from  the 
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already  quoted  paper,  gives  a  good  idea  of  the  general  geology  of 
the  district.  The  nature  of  the  country  rock  does  not  seem  ta 
affect  the  richness  or  poverty  of  the  vein,  and  no  reason  has  yet 
been  traced  for  the  richness  or  poverty  of  different  sections,  in 
which  the  character  of  the  vein  may  be  exactly  similar.  Two 
branches  may  be  found  side  by  side  in  the  same  country  rock,  one 
of  which  may  be  rich  in  gold  and  the  other  practically  barren. 
A  most  interesting  occurrence  is  that  at  Kennedy  Mine,  Amador 
County,  the  section  of  which.  Fig.  117,  taken  from  the  Twelfth  Report 
of  the  State  Mineralogist,  189-i,  p.  75,  is  here  given.  The  vein 
was  first  met  with  at  this  locality  as  a  contact  vein  between  the  west 
diabase  and  a  belt  of  slate  about  eighty  feet  thick.  At  a  depth  of 
about  37U  feet  the  vein  commenced  to  angle  across  the  slate,  and 
continued  through  it  as  a  barren  fissure  containing  only  crushed 

^  H.   W.  Fail-banks,  "Geology  of  the  Mother  Lode  Region,"    Tenth  Annual 
Report  of  the  State  MinernJo(]wt,  1890,  p.  23. 


THE    UNITED    STATES 


749 


and  broken  fragments  of  slate  and  quartz,  and  small  broken  quartz 
seams,  until  the  fissure  bad  crossed  the  slate  belt  at  a  depth  of 
about  050  feet,  where  it  continued  as  a  contact  vein  between  the 
slate  and  the  east  diorite  ;  the  quartz  came  in  again  here,  and 
has  continued  to  the  lowest  depth  yet  reached,  namely,  1,750  feet. 
There  seems  to  be  some  evidence  that  fresh  Assuring  had  taken 
place  after  the  formation  of  the  mineral  vein  ;  in  any  case,  the 
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Fig.  117. — Sectiou  across  the  Mother  Lode  in  the  Kennedy  Mine,  Amador  County. 


fact  of  a  rich  and  well-defined  pay  shoot  continuing  down  in  depth 
after  having  pinched  near  the  surface,  and  left  only  a  barren 
crevice  in  one  place  for  more  than  1,100  feet,  deserves  to  be  put 
on  record.  It  is  highly  probable  that  numerous  such  occurrences 
have  been  abandoned  at  various  times  as  having  been  worked  out, 
when  deejjer  sinking  might  have  disclosed  the  existence  of  good 
veins. 

The  walls  of  the  Mother  Lode  are  not  always  well  defined,  the 
lode  passing  in  places  gradually  into  the  country  rock ;  and  there 
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seems  evidence  to  prove  that  a  comparatively  narrow  fissure  or 
fissures  have  been  mineralised  by  solutions  which  have  in  places 
penetrated  into  the  wall  rock,  and  mineralised  it  by  metasomatic 
action.  One  of  the  most  important  mines  on  the  Mother  Lode  is 
the  Utica-Stickles,  near  Angels  Camp,  where  diabase  has  by 
pressure  and  chemical  action  been  metamorphosed  into  talcose  and 
chloritic  schists,  with  threads,  bunches  and  veinlets  of  auriferous 
quartz,  the  whole  mass  of  rock  being  sometimes  worth  taking  out 
and  milling  for  a  width  of  100  feet.  One  of  the  most  famous 
mines  was  the  Plymouth  Company's  mine  which  was  worked  on  a 
large  body  of  low  grade  ore  to  a  depth  of  1,600  feet.  A  fire  in  the 
mine  in  1888  did  a  great  deal  of  mischief,  and  though  the  mine 
was  re-started  in  1890  it  soon  closed  down  again.  This  mine  was 
at  its  best  about  the  year  1887  ;  in  that  year  there  were  crushed 
about  120,000  tons^  of  quartz,  and  gold  to  the  value  of  $736,000 
was  produced.  From  the  formation  of  the  company  in  1883  to 
the  end  of  1887,  close  on  four  million  dollars'  worth  of  gold  was 
obtained  ;  the  mines  Avhich  were  consolidated  to  form  the  Ply- 
mouth Company's  property  produced,  before  their  amalgamation, 
about  two  and  a  half  million  dollars'  worth  of  gold. 

The  Mother  Lode  extends  through  the  five  counties,  Mariposa, 
Tuolumne,  Calaveras,  Amador  and  El  Dorado  ;  these  five  counties 
produced  gold  to  the  value  of  $4,519,147,  say  about  218,670  oz. 
of  fine  gold  in  1894.  In  1895  their  production  was  $4,693,323,, 
equal  to  about  227,096  oz. 

Nevada  used  to  produce  more  gold  than  any  other  county  in 
California,  and  is  now  occasionally  equalled  or  surpassed  only  by 
Calaveras  and  Placer  counties  ;  its  yield  during  the  year  1881  was 
estimated  at  $3,700,000."'  In  this  county  there  are  some  important 
(|uartz  mines,  nearly  all  of  which  are  situated  in  the  immediate 
neighbourhood  of  the  town  of  Grass  Valley.  Of  these  mines  the 
Idaho  is  the  principal,  and  during  the  year  1881,  crushed 
27,945  tons  ^  of  quartz,  which  yielded  30,965  oz.  of  gold. 

About  the  year  1881,  among  the  richest  quartz  mines  of  Cali- 
fornia were  those  of  the  Bodie  district,  situated  in  Mono  County. 

The  following  description   of  this  region  is  from  a  report  by 

^  Fifth  Annual  Report  of  the  Plynioath  ConsoUdated  Gold  Mining  Company. 

2  In  American  statistics  of  production,  the  assay  value  of  bullion  is  given  in 
dollars;  the  value  of  an  ounce  troy  of  fine  gold  is  ^20 "67 18,  whilst  the  com- 
mercial value  of  an  ounce  troy  of  silver  was  ^1  -2929  up  to  about  1874,  about  .SO'935 
in  1889,  and  about  $0'65  in  1894,  though  the  coining  value  of  ,f  1-2929  per  ounce  i?. 
still  often  given  in  official  statistics. 

■^  The  American  ton  weighs  2,000  lbs.  avoir.  =  0'8929  statute  ton. 
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B.  Silliraan  made  in  the  year  1864.^  Bodie  Mountain,  the  point 
of  chief  interest  in  the  mining  district  of  the  same  name,  is 
one  of  the  highest  inhabited  points  within  the  limits  of  the 
United  States,  its  summit  being  9,500  feet  above  the  level  of  the 
sea.  The  general  aspect  of  the  country  is  desolate,  the  mountains 
are  bleak  and  precipitous,  and  the  cliffs  broken  into  rugged  steeps 
strewn  with  fragments  of  decomposing  rock.  Bodie  Mountain  is 
an  isolated  mass  of  trachytic  porphyry,  consisting  of  a  lavender- 
coloured  ground -mass  enclosing  crystals  of  a  white  felspar,  and 
facts  appear  to  point  to  the  conclusion  that  the  whole  region,  at  a 
not  very  remote  geological  epoch,  was  the  centre  of  great  eruptive 
energy.  In  Mono  Lake,  twelve  miles  distant  from  Bodie,  traces  of 
these  ancient  fires  still  exist,  as  is  evidenced  by  the  escaping  jets 
of  hot  vapour,  and  the  numerous  boiling  fountains  which  occupy 
the  islands  in  the  centre  of  the  lake.  A  close  examination  of  the 
district  leads  to  the  conclusion  that  Bodie  Mountain  is  an  island  of 
eruptive  rock,  having  a  length  somewhat  exceeding  two  miles  with 
a  width  of  about  one  mile,  its  crest  being  subdivided  into  three 
prominent  points  known  repectively  as  Bodie  Bluff,  High  Peak,, 
and  Silver  Hill. 

The  whole  surface,  to  the  summit,  is  covered  with  debris,  the 
porphyry  in  its  decomposition  having  furnished  an  ochreous  earth, 
in  which  are  seen  abundant  fragments  of  quartz,  jasper,  chalcedony, 
and  other  veinstones  derived  from  the  breaking  up  of  the  crests  of 
the  various  lodes  which  intersect  the  mountain  in  a  general  course 
of  N.  25"  E.  An  exploration  of  the  surface  of  the  mountain 
resulted  in  the  discovery  of  sixteen  nearly  parallel  quartz  veins, 
which  are  described  with  considerable  detail,  and  the  author  pro- 
ceeds to  remark  : — 

"  They  are  all,  at  surface,  hard,  compact,  uncrystalline  chal- 
cedonic  quartz,  sterile  of  metal,  and  unpromising  for  raining 
explorations  ;  at  a  pretty  uniform  depth  of  forty  or  fift}'  feet  from 
the  surface  they  gradually  lose  these  characteristics,  becoming 
softer  as  we  descend,  the  quartz  assuming  more  and  more  a  fissile 
and  friable  character ;  the  compact  or  chalcedonic  portion,  greatly 
diminished  in  bulk,  forms  now  a  lining  upon  one  or  again  upon 
both  sides  of  the  vein,  or,  more  rarely,  a  seam  of  varying  width  in 
the  centre  of  the  vein,  patches  or  "horses"  of  the  adjacent  por- 
phyry occasionally  diminishing  the  vein,  which  immediately  beyond 
assumes  again  the  largest  proportions. 

1  B.    Silliinan,    Rf.port   to   the   E/tqnre   Gold  and    Silver    Mining    Gomxianyy 
April,  1S64. 
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"  The  metallic  contents  are  found  distributed,  usually  invisible 
to  the  eye,  but  indicated  by  dark  coloured  stains  parallel  to  the 
surfaces  of  the  quartz,  and,  when  visible,  rarely  seen  in  particles 
larger  than  grains  of  mustard  seed,  and  of  a  spherical  or  rounded 
form  rather  than  in  plates  or  scales. 

"  The  observer  accustomed  to  the  character  of  auriferous  quartz 
in  other  portions  of  the  United  States,  or  elsewhere,  is  struck  also 
with  the  remarkable  absence  of  the  metallic  sulphurets.  Mis- 
pickel,  so  commonly  the  associate  of  gold  elsewhere,  seems  here  to 
be  completely  absent ;  even  yellow  iron-pyrites  and  magnetic 
pyrites  are  rarely  seen.  Magnetic  iron  ore  is  pretty  uniformly 
found,  however,  in  minute  particles,  when  samples  of  these  ores 
are  washed  in  the  ordinary  manner." 

Professor  Silliman  observes  that  it  is  obvious  from  the  foregoing 
statements  that  the  Bodie  district  is  one  of  the  most  valuable 
localities  for  the  precious  metals  hitherto  discovered  in  the  United 
States.  W.  P.  Blake,  about  the  same  period,  remarks  with  regard 
to  the  Bodie  veinstone  that,  instead  of  being  a  solid  homogeneous 
mass,  it  is  formed  in  layers  or  coats  one  over  another  like  sheets  of 
paper  or  paste-board,  with  irregular  thin  seams  or  openings 
between.  "  This  structure,  with  other  peculiarities,  indicates  that 
the  veins  were  deposited  gradually  in  the  fissures  by  thermal, 
springs,  similar,  perhaps  to  those  now  existing  at  various  points 
along  the  eastern  base  of  the  Sierra  Nevada,  as  for  example  at 
Steamboat  Springs,  Washoe."  The  most  recent  investigations^  have 
shown  that  the  country  rock  is  really  a  hornblendic  andesite,  of 
which  there  have  been  a  succession  of  outflows.  The  quartz  lodes 
occurring  in  tliis  rock  are  fissure  veins,  and  are  referable  to  tw^o 
series,  the  younger  of  which,  or  the  Standard  group,  faults  the 
older,  or  Fortuna  group  of  lodes.  The  Standard  lodes  have  pro- 
duced nearly  60  per  cent,  of  the  bullion  produced  in  the  district 
since  1877,  but  appears  to  be  unproductive  below  the  500  feet 
level,  where  the  vein  is  represented  merely  by  a  barren  fissure  in 
the  andesite.  These  ores  seem  to  average  about  1  oz.  13  dwt.  of 
•-■old,  and  3  oz.  3  dwt.  of  silver  to  the  ton,  the  silver  being  present 
in  various  argentiferous  minerals,  whilst  the  gold  itself  is  a  bullion 
containino-  about  675  parts  of  gold  and  305  parts  of  silver  per  thou- 
sand. The  gold  of  the  older  or  Fortuna  series  is  a  good  deal 
richer  in  silver  than  even  that  of  the  newer  lodes.  The  latter  strike 
between  N.  and  N.  20"  E.,  dipping  westwards,  35'"  to  85°,  whilst 
the  former  strike  a  little  west  of  north,  and  dip  eastward  30°  to  50'. 
1  Eighth  Annual  Rtporl  of  the  State  Mineralogist,  1888,  p.  38-2. 
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The  most  productive  mine  of  the  Bodie  district  has  been  the 
Standard  Consolidated,  which  employed  about  150  miners.  Its 
depth  in  1881  was  about  175  fathoms,  and  its  production  of  gold 
and  silver  slightly  exceeded  $2,000,000 ;  during  the  year  1882  the 
total  yield  of  bullion  was  S2,084,550.  The  Bodie  Consolidated 
v:as  then  taking  from  sixty-five  to  eighty  tons  of  ore  per  week  from 
the  Fortuna  Vein,  and  shipping  above  87,000  in  bullion  weekly. 
The  production  of  the  Bodie  Consolidated  Mine  during  the  year 
ending  June  1st,  1882,  was  132,040  oz.  of  bullion,  value  of  gold 
S262,421-17;  of  silver  8143,737  08  ;  total  8406,158.25. 

The  bullion  shipments  from  Bodie  district  in  1881  amounted  to 
83,173,000,  an  increase  of  more  than  a  million  of  dollars  over  those 
of  1878,  the  year  of  greatest  excitement  in  the  Bodie  mines.  In 
1888^  there  was  only  one  large  mine  at  work,  the  Standard  Consoli- 
dated, which  produced  gold  to  the  value  of  8118,371,  the  total 
output  of  the  district  for  the  year  being  returned  at  .8126,295.  Up 
to  the  end  of  that  year  Bodie  district  had  jDroduced  gold  to  the 
value  of  over  eighteen  million  dollars.  The  whole  of  ]\[ono  County 
produced  gold  valued  at  8552,(390  in  1895. 

According  to  an  official  return  the  production  of  gold  in  Cali- 
fornia for  the  year  ending  May  31st,  1880,  amounted  to 
817,150,941,  or  829,676  oz.  troy,  of  which  88,580,982,  or  415,105  oz., 
were  the  production  of  hydraulic,  placer,  drift,  and  river  mines, 
and  the  remainder  obtained  from  the  treatment  of  gold  quartz. 
The  Director  of  the  United  States  Mint  estimates  the  production 
of  gold  in  California  in  1881  at  $18,200,000,  and  in  1882  it  vras 
probably  something  over  $15,000,000. 

Previous  to  the  discovery  of  the  Bodie  district,  the  placer 
mines  yielded  about  two-thirds  of  the  gold  production  of  the 
State,  but  the  large  output  of  the  mines  in  that  rec^ion, 
which  amounted  at  one  time  to  above  two  and  three-quarter 
millions  of  dollars  annually,  independent  of  a  considerable 
production  of  silver,  jDlaced  the  deep  mines  almost  on  a  par 
with  the  placers  as  regards  the  total  value  of  returns.  Since 
that  time  the  output  from  the  quartz  veins  has  been  continuously 
gaining  on  that  from  the  clastic  deposits,  and,  since  leoal  restric- 
tions {see  page  23)  have  been  put  upon  alKivial  mining,  quartz 
mining  has  progressed  with  rapid  strides,  and  though  the  total 
output  of  gold  in  California  has  necessarily  fallen  off,  it  is  still 
the  foremost  gold-producing  State  in  the  Union.  Now  that 
hydraulic  mining  is  to  be  resumed,  albeit  under  certain  re- 
1  Ei'jhth  Annual  Hejjort  of  the  Statt  Miueralo<ji'it,  1888,  p.  396. 
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strictions,  an  increase  in  the  output,  which  was  alread}^  making 
itself  felt  to  a  small  degree  in  1895,  may  be  anticipated.  In  1894 
this  State  produced  one-third  of  the  total  gold  output  of  the 
United  States,  namely  673,700  oz.,  worth  $13,923,282.1  To  this 
total  no  less  than  thirty-one  counties  contributed,  of  which  the  five 
following  produced  over  $1,000,000  each  : — 

Calaveras $2,119,365 

Placer 1,851,214 

Nevada 1,830,154 

Amador 1,331,916 

Trinity 1,012,605 

In  1895-  the  production  was$15, 384, 318, produced  by  thirty-three 
counties,  of  which  the  following  j^roduced  over  $1,000,000  each  : — 

Nevada .$1,789,816 

Calaveras 1,717,916 

Placer 1,599,635 

Amador 1,391,929 

Trinity 1,116,745 

The  above  figures  are  taken  from  the  excellent  annual  statis- 
tical sheets  issued  by  the  Californian  State  Mining  Bureau,  an 
example  that  might  be  followed  with  very  great  advantage  by  the 
other  States  of  the  Union. 

The  amount  of  silver  contributed  by  California  is  comparatively 
small,  and  though  chiefly  obtained  in  the  adjoining  counties  of 
Mono  and  Inyo  in  1880,  is  now  produced  principally  in  San 
Bernardino  and  Inyo  counties.  The  former  produced  $148,243  in 
1894,  and  $219,410  in  1895,  the  latter  $83,640  in  1894,  and 
$188,329  in  1895.  The  total  production  of  California  in  these 
years  was  respectively  $297,332  ^  and  $599,790."^ 

The  production  of  the  precious  metals  in  the  State  of  Nevada 
showed  in  the  tenth  census  year,  ending  31st  May,  1880,  a  con- 
siderable decline  as  compared  with  that  of  the  preceding  years, 
which  has  continued  to  the  present  time.  This  is,  however,  to  be 
entirely  accounted  for  by  the  falling  off  in  the  yield  of  the  Com- 
stock  Lode,  and  is  not  due  to  any  decline    in   the   general  mining 

1  California  State  Mininy  Bureau,  Bulletin,  No.  7,  1895. 

2  Ibid,  No.  8,  1896. 

^  California  State  Mining  Bureau  Bulletin,  No.  7. 
^  Ihid,  No.  8. 
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prosperity  of  the  State.  The  most  remarkable  metalliferous 
deposit  ia  the  State  of  Nevada  is  unquestionably  the  Comstock 
Lode,  situated  on  the  eastern  side  of  Mount  Davidson  and  partly 
underlying  the  towns  of  Virginia  and  Gold  Hill.  In  addition  to 
numerous  papers  scattered  through  the  pages  of  various  scientific 
publications,  some  very  important  memoirs  of  a  more  special 
character  have  been  written  upon  the  Comstock  Lode.  In  1865 
Baron  v.  Richthofen  made  an  examination  of  this  district,  the 
results  of  which  were  printed  by  the  Sutro  Tunnel  Company, 
and  in  1867  the  same  able  geologist  published  a  second  paper, 
entitled  "A  Natural  System  of  Volcanic  Rocks,"  as  a  memoir 
of  the  Californian  Academy,  the  classification  proposed  being 
avowedly,  to  a  great  extent,  based  on  the  geology  of  the  Comstock 
region. 

At  the  date  of  the  publication  of  these  papers  microscopical 
petrography  was  still  in  embryo,  and  it  is  consequently  not  to  be 
wondered  at  that  subsequent  investigations,  aided  by  the  use  of  the 
microscope,  have  led  to  somewhat  modified  petrological  results ; 
but  so  far  as  the  structure  and  formation  of  the  vein  itself  are 
concerned  the  views  of  v.  Richthofen  have  been  confirmed  in  a 
remarkable  manner  by  the  results  of  subsequent  investigation. 

In  1867  Mr.  Clarence  King,  at  that  time  in  charge  of  the 
exploration  of  the  40th  Parallel,  made  an  examination  of  the  lode 
down  to  the  800-foot  level,  and,  although  accepting  v.  Richthofen's 
propylite,  he  at  the  same  time  expresses  a  doubt  whether  even- 
tually it  might  not  be  found  identical  with  andesite.  The  quartz- 
ose  rock  which  v.  Richthofen  had  determined  as  a  Pre-Tertiary 
quartz -porphyry,  King  regarded  as  quartz-propylite.  In  1875  the 
rocks  of  this  district  were  microscopically  examined  by  Professor  F. 
Zirkel,  who  confirmed  the  independence  of  propylite  and  quartz- 
propylite  as  lithological  species,  and  regarded  the  quartzose  rock  as 
dacite  ;  he  also  corrected  the  determination  of  the  granular  diorite, 
which  had  been  called  syenite,  and  added  augite-andesite,  rhyolite, 
and  a  variety  of  basalt  to  the  list  of  rocks  previously  recognised. 
In  1877  Mr.  J.  A.  Church  examined  the  workings  down  to 
the  2,000  foot  level.  The  memoir  of  this  gentleman  contains 
various  original  hypotheses,  amongst  which  the  two  following  are 
conspicuously  prominent,  namely :  that  the  ores  were  deposited  by 
substitution  for  propylite,  and  that  the  heat  of  the  Comstock  Lode 
is  due  to  the  kaolinising  action  of  surface  waters  on  the  felspars  of 
the  country  rock.  Finally,  Mr.  G.  F.  Becker,  under  the  direction 
of  the  Hon.  J.  W.  Powell,  has  prepared  a  monograph  on  the  geology 

3  C  2 
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of"  the  Comstock  Lode.  Of  this  report  on  the  Comstock  and 
Washoe  districts  a  summary  had  ah'eady  appeared  in  1882.^ 

According  to  the  United  States  Geological  Survey^  the  Virginia 
Range  has  resulted  from  a  Post-Jurassic  disturbance,  attended  by 
the  phenomena  of  folding  and  compression  acting  horizontally.  It 
Ijas  also  passed  through  aa  era  of  disturbances  in  Tertiary  and 
Post-Tertiary  times,  during  which  the  vertical  component  of  the 
dislocating  force  was  greatly  in  excess  of  the  horizontal.  This 
disturbance  consequently  resulted  in  a  great  amount  of  faulting 
throughout  the  whole  region,  but  was  not  attended  by  extensive 
lateral  compression  or  by  folding.  The  era  of  Post-Jurassic  dis- 
turbances was  marked  by  the  emergence  of  three  massive  rocks, 
namely,  granite,  diorite,  and  diabase.  During  the  Tertiary  and 
Post-Tertiary  periods  no  less  than  eight  different  volcanic  rocks 
were  ejected  ;  these  have  been  described  by  American  geologists 
as  propylite,  quartz-propylite,  hornblende-andesite,  dacite,  augite- 
andesite,  trachyte,  rhyolite  and  basalt.  All  of  these  rocks 
occur  within  a  mile  and  a  half  of  the  Comstock  Lode,  and  there 
is  a  point  at  the  southern  end  from  which  a  circle  can  be  drawn 
with  a  radius  of  one  and  a-quarter  miles,  enclosing  occurrences  of 
the  whole  of  them.  Mr.  Becker,  after  a  careful  study  of  a  large 
number  of  thin  sections  under  the  microscope,  has,  however, 
arrived  at  the  conclusion  that  the  rocks  which  have  been  classed 
as  propylite  in  the  Comstock  district  are  merely  decomposed  forms 
of  species  previously  known.^  He  enumerates  the  rocks  occurring 
in  this  region  as  granite,  metamorphic  schists,  slates  and  limestones, 
eruptive  diorite  of  three  varieties,  metamorphic  diorite,  quartz- 
porphyry,  an  older  and  a  younger  diabase,  an  older  and  a  younger 
hornblende-andesite,  augite-andesite,  and  basalt. 

The  Comstock  Lode,  during  the  middle  portion  of  its  course, 
occupies  the  line  of  contact  between  masses  of  diorite  and  diabase, 
as  seen  in  the  accompanying  section,  Fig.  118,  reduced  from  Mr. 
Becker's  coloured  drawing,  in  Avhich  the  dotted  portions  represent 
solfataric  decomposition.  North  of  the  Ophir  Ravine  it  is  walled 
on  both  sides  by  diabase  ;  south  of  the  Gold  Hill  Divide  it  leaves 
the  diorite,  and  is  carried  southward,  principally  in  diabase, 
but  touches  indistinctly  the  older  metamorphic  rocks  upon 
its  western  side.  This  lode  has  been  traced  for  a  distance  of 
22,546    feet    in    a   nearly  due    north    and    south    direction,  dips 

^  Report,  of  the  U.S.  Stcretary  of  the  Interior,  iii.  18<S2,  ])p.  293-330. 
-   U.S.  Geological  Survey,  First  Annual  Report,  p.  39,  1880. 
3  Report  of  the  Secretary  of  the  Interior,  iii.  1882,  p.  xxiv. 
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towards  the  east,  and  has  a  thickness  usually  varying  from  twenty 
to  sixty  feet.  The  vein  fissure,  which  is  also  a  line  of  fault,  Was 
probably  formed  in  Post-Jurassic  times  shortly  after  the  final 
extrusion  of  diorite.  The  vein  matter  of  the  Comstock  Lode 
consists  of  crushed  and  decomposed  country  rock,  clay,  and  quartz. 
The  country  rock  in  and  near  the  vein  contains  considerable 
quantities  of  pyrites  and  calcite,  while  gypsum  is  not  of  uncommon 
occurrence.  The  quartz  is,  for  the  most  part,  crushed  into  a  finely 
granular  mass  closely  resembling  ordinar}^  commercial  salt.  This 
quartz  was  once  crystallised,  and  has  evidently  been  crushed  by 
the  movement  of  the  hanging  wall  upon  the  foot  wall. 

The  Sutro  Tunnel,  starting  from  the  Carson  Valley,  penetrates 
the  eastern  country  rock  for  a  distance  of  20,000  feet,  and  strikes 
the  lode  near  the  middle  of  its  productive  portion  1,900  feet 
below  its  highest  outcrop.  The  rocks  passed  through  by  the 
tunnel  were  horublende-andesites  alternatino-  with  auoite-andesites) 


Fi(i.  lis. — Section  of  the  Comstock  Lode. 


but  for  the  last  1,000  feet  before  the  lode  is  reached  the  rock 
is  diabase,  whilst  beyond  it  the  diorite  of  Mount  Davidson  is 
encountered.  The  mines  upon  the  Comstock  Lode  were  first 
opened  in  1859,  and  on  June  1st,  1880,  the  total  length  of  the 
shafts  and  galleries  in  the  different  mines  had  already  exceeded 
150  miles.  The  number  of  men  employed  at  that  date  was  2,770, 
Avhilst  the  aggregate  horse-power  of  the  machinery  was  24,130, 
and  the  greatest  depth  reached  exceeded  3,000  feet,  or  500 
fathoms. 

The  most  remarkable  phenomena  in  connection  with  the 
Comstock  Lode  is  the  intense  heat  which  prevails  in  the  lower 
levels.  In  the  Yellow  Jacket  Shaft  a  large  body  of  water  was 
struck  at  a  depth  of  3,065  feet,  of  which  the  temperature 
was    170^  Fahr.,  and    which   was  impregnated  with  sulphuretted 
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hydrogen.  In  the  Fonnan  Shaft  thei'e  was  a  gradual  increase  of 
temperature  amounting  on  an  average  to  1°  for  every  34' 2  feet. 
The  heat  of  the  Comstock  Lode  has  been  generally  ascribed  to 
expiring  volcanic  agencies,  but  a  feAV  years  since  it  was  suggested 
by  Mr.  Church  that  it  might  probably  arise  from  the  kaolinisation 
of  felspars.  To  the  latter  theory  objections  have  on  more  than  one 
occasion  been  raised/  and  the  recent  observations  and  experiments 
of  Mr.  Becker  have  yielded  results  by  no  means  in  favour  of  the 
kaolinisation  hypothesis.-  Some  particulars  relative  to  the  amount 
of  heat  carried  off  by  the  waters  of  the  Comstock  mines  will  be 
found  at  page  118.  With  a  view  of  testing  the  probabilities  of 
Sandberger's  theory  of  lateral  secretion,  the  rocks  of  the  Comstock 
district  have  been  assayed  with  all  possible  precaution  by  Mr.  J.  S. 
Curtis.  The  constituents  of  the  rocks  found  to  contain  the 
precious  metals  were  separated  by  Thouiet's  method,  and  the 
metals  thus  traced  to  their  mineralogical  sources.  The  results  of 
this  investigation  furnished  many  interesting  facts,  amongst  which 
may  be  mentioned  the  following,  namely,  that  the  diabase  contains 
a  notable  amount  of  the  precious  metals,  of  which  the  larger 
proportion  is  contained  in  the  augite  ;  that  the  decomposed  diabase 
contains  about  one-half  as  much  of  these  metals  as  the  compara- 
tively fresh  rock ;  that  the  relative  quantities  of  gold  and  silver, 
both  in  the  fresh  and  decomposed  diabase,  correspond  fairly  well 
with  the  known  composition  of  the  Comstock  bullion  ;  and  that 
the  total  exposure  of  diabase  is  sufficient  to  account  for  far  larger 
quantities  of  bullion  than  have  been  extracted  from  the  mines. 

In  1876  the  yield  of  the  Comstock,  according  to  Mr.  Del 
Mar's  estimate,  was  :— gold  $18,002,906,  silver  $20,570,078  ;  total 
$38,572,984.  During  the  tenth  census  year  the  Avhole  Comstock 
district,  including  the  Virginia,  Gold  Hill,  and  Devil's  Gate  sub- 
districts  ;  the  outlying  veins,  such  as  the  Occidental,  &c.,  and  the 
yield  of  tailings  worked  at  various  points  throughout  the  entire 
tract  known  as  the  Washoe  Country,  was  : — gold  |3, 109, 156,  silver 
$3,813,174;  total  $6,922,330;  showing  a  decline  of  $31,650,654  or 
82"06  per  cent,  since  1876.  During  the  eleventh  census  year 
(1889)  the  output  was :  gold,  $10,896,  and  silver  $150.  Owing  to 
the  heavy  fall  in  the  price  of  this  latter  metal,  it  is  no  longer 
prospected  or  mined  for  as  vigorousl}^  as  used  to  be  the  case.   From 

^  J.  A.  Phillips,  (Juart  Jour.  GeoJ.  Soc,  xxxv.  1879,  p.  ,390;  Nature,  xxii. 
1880,  p.  337. 

-  G.  F.  Becker,  A  Summnry  of  tht  Gboloijy  of  tht  Coiiixfocl-  Lodt,  Washington, 

1882. 
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the  time  the  first  mines  were  opened  in  1859  to  June  1st,  1880, 
the  Comstock  Lode  had  produced  about  $315,000,000  worth  of 
bullion,  of  Avhich  $175,000,000  was  silver  and  the  remainder  gold. 
Out  of  the  above  total  yield  about  $115,871,000  had  been  paid  in 
•dividends.  In  the  thirty  years  up  to  1889  the  total  production 
had  been  about :  gold  $125,000,000,  silver  $195,000,000.^ 

Some  of  the  most  productive  silver  mines  in  the  State  of 
Nevada  are  situated  in  the  Eureka  and  Ely  districts.  The  White 
Pine  region,  which,  after  the  discovery  of  the  mines  in  1868,  was 
the  scene  of  great  excitement,  now  yields  comparatively  small 
returns.  The  Eureka  district  consists  mainly  of  metamorphic 
limestones  exhibiting  traces  of  stratification,  lying  on  quartzite  and 
overlain  by  shale.  In  these  limestones,  which  are  partly  of  Cam- 
brian and  partly  of  Silurian  age,  are  distributed  irregular  chimneys 
and  pockets  of  ore  consisting  of  galena  with  sulphate  and  carbonate 
of  lead.  This  ore  usually  contains  about  25  per  cent,  of  lead,  and 
50  oz.  of  silver  per  ton.  The  Richmond  and  Eureka  Consolidated, 
both  situated  in  the  southern  portion  of  the  district,  are  the  most 
productive  mines. 

Throughout  this  district  a  great  ore-channel  extends  along  the 
-eastern  base  of  Prospect  Mountain  for  a  distance  of  twelve  miles. 
This  appears  to  be  a  contact  deposit  in  a  formation  of  limestone, 
quartzite,  shale,  &c.,  and  from  the  various  mines  scattered  along 
the  main  deposit  and  its  various  branches  above  fifty  millions  of 
dollars  have  been  extracted.  The  Richmond,  which  is  the  property 
of  a  London  company,  was  in  its  time  reputed  to  be  one  of-  the 
best  paying  mines  in  America,  and  had  reached  in  1881  a  depth  of 
1,230  feet  below  the  surface.  The  Richmond  furnaces  had  at  one 
time  the  reputation  of  being  the  largest  producers  in  the  Avorld, 
and  the  accumulation  of  lead  in  that  company's  premises  in  July, 
1881,  was  about  50,000  tons  of  market  metal,  there  being  an  acre 
of  ground  outside  the  refinery  piled  solidly  five  feet  high  Avith  pigs 
of  lead.  This  mine  during  the  first  nine  years  of  its  existence 
produced  $61,000,000  of  bulhon.  Of  the  total  yield  of  the  ore  33 
per  cent,  is  gold  and  66  per  cent,  silver,  with  a  production  of  one 
ton  of  lead  to  five  tons  of  ore  smelted  ;  500  men  were  employed  at 
the  mine  and  furnaces,  500  more  furnishing  fuel,  &c. 

The  Eureka  Consolidated  has  had  from  the  time  it  Avas  first 
opened,  about  1868,  a  prosperous  existence.  The  output  for  the 
quarter  ending  September  30th,  1881,  was  $305,074,  and,  according 
to  published  statements,  bullion  to  the  value  of  f  1,396,618  was 

'  Electidh  U.S.  Census,  •'  Mineral  Industries,''  ip.  118. 
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shipped  during  the  year.^  In  1889  Eureka  County  produced 
10,360  tons  of  ore,  which  yielded  :  gold  $178,940,  silver  $1,060,297- 
The  yield  of  the  placer  mines  of  Nevada  is  comparatively 
insignificant,  as  no  important  gravel  deposits  provided  with  a 
suitable  water-supply  are  known.  The  total  production  of  bullion 
in  this  State  during  the  tenth  census  year  was  :  gold  $4,888,247, 
silver  $12,430,666.  During  the  eleventh  census  year  it  was  : 
gold  $3,506,295  (=  169,617  oz.  fine  gold),  and  silver  $6,072,241 
(=  4,696,600  oz.  fine  silver).  In  1894  ^  the  output  of  the  State 
was  : 

Gold  (fine)  55,042  oz.,  worth  $1,137,819. 
Silver  (fine)  1,305,151  oz. 

Utah  has  been  a  regular  bullion  producer  for  many  years.  Gold 
and  silver  ores  were  discovered  in  1863,  and  active  mining  com- 
menced in  1870.  From  the  beginning  of  1871  to  the  end  of  1886, 
Utah  produced  135,135  oz.  of  gold,  and  59,065,016  oz.  of  fine 
silver.^  The  j)roportion  of  gold  annually  obtained  is  small  as 
compared  with  thai  of  silver,  and  the  only  jDlacer  gold  produced, 
amounting  in  the  tenth  census  jesiY  to  about  $20,000,  was  from 
West  Mountain  district  in  Salt  Lake  Count}-.  About  one-fifth  of 
the  total  production  of  bullion  in  this  Territory  appears  during 
that  year  to  have  been  supplied  by  the  mines  of  the  Ontario 
Silver  Mining  Co.,  which  are  situated  near  Park  City,  Utah, 
thirty-tvvo  miles  east  of  Salt  Lake,  and  at  an  elevation  of 
about  8,000  feet  above  the  sea.  The  j^rincipal  mining  claims  be- 
longing to  this  company  are  the  Last  Chance,  Ontario  and 
Switzerland,  extending  on  a  line  on  the  direction  of  the  lode,  and 
each  1,500  feet  in  length  b}^  200  feet  in  width.  The  vein  fills  a 
strong,  well-defined  fissure  having  a  course  nearly  east  and  west, 
with  a  northerly  dip  varying  from  vertical  to  70  .  The  vein 
fissure  traverses  a  belt  of  quartzite,  cutting  through  the  layers  of 
the  formation  unconformably  both  on  the  dip  and  the  strike.  On 
the  north,  or  hanging  wall  of  the  vein,  is  a  dyke  of  gray  porphyry 
100  feet  in  width,  intersecting  the  bedding  of  the  quartzite  with  a 
general  course  nearly  parallel  to  the  lode.  On  the  east  this 
porphyry  approaches  closely  to  the  vein  and  in  some  places  even 

^  Report  offhe  Director  of  the  Mint  upon  the  Production  of  Precious  Meta/>>  in 
the  U.S.,  Washington,  1882,  p.  129. 

2  The  Mineral  InduMryfor  l.S!)4.  p.  278. 

^  0.  J.  Hollister,  "  CloLI  and  Silver  Mining  in  Utali."  Tran>t.  Anier.  In-'it. 
Min.  Eng.  xvi.  1887,  p.  3 
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forms  its  wall.    Towards  the  Avest  it  diverges  and  is  separated  from 
the  vein  by  a  variable  thickness  of  quartzite. 

The  lode  has  been  explored  on  its  course  by  underground  Avork- 
ings  for  a  distance  of  nearly  6,000  feet,  the  deepest  point  at  which 
it  has  been  cut  being  at  the  tenth  level  or  over  1,000  feet  below 
the  outcrop.  The  fissure  varies  in  width  from  two  to  twenty  feet, 
the  usual  width  being  from  four  to  five  feet,  and  throughout  this 
large  extent  no  faults  or  dislocations  occur,  the  continuity  being- 
unbroken.  The  filling  mainly  consists  of  material  derived  from 
the  walls,  being  a  mixture  of  finely  ground  quartzite  and  clay, 
resulting  from  the  decomposition  of  the  encasing  porphyry.  The 
ore  has  been  deposited  in  the  fissure  in  a  continuous  sheet,  extend- 
ing from  the  surface  as  far  downwards  as  the  explorations  have 
penetrated,  and  forming  a  well-defined  shoot  of  ore.  At  the 
surface  this  shoot  had  a  length  of  only  about  500  feet,  the  fissure, 
although  continuing  beyond  the  ore  body  to  the  east  and  west, 
being  filled  with  material  derived  from  the  walls  and  containiug 
but  small  quantities  of  mineral.  As  this  shoot  was  followed  in 
dei^th  it  increased  in  length,  until  at  the  sixth  level  it  attained  a 
length  of  1,500  feet.  Not  only  has  this  increased  in  length  as 
it  has  been  explored  in  depth,  but  there  has  also  been  a  gradual 
increase  in  the  width  of  the  ore,  which  in  the  upper  levels  avei'aged 
only  from  one  foot  to  one  and  a  half  feet,  Avhilst  in  the  fifth  and 
sixth  levels  it  is  at  least  two  and  a  half  feet  wide,  and  for  con- 
siderable distances  occuj^ies  the  whole  breadth  of  the  fissure. 
With  this  increase  in  the  dimensions  of  the  shoot,  the  ore  has 
become  richer  as  greater  depth  has  been  attained.  The  first  ore 
Avorked  yielded  an  average  of  from  $70  to  $80  per  ton,  Avhilst  that 
extracted  from  beloAV  the  fifth  level  mills  from  $125  to  $145  per 
ton,  and  the  vein,  Avhere  cut  at  the  depth  of  700  feet,  samples  still 
higher. 

BeloAV  a  depth  of  400  feet  the  ore  is  undecomposed,  consisting 
essentially  of  argentiferous  blende,  associated  Avith  small  quantities 
of  gray  copper  ore  rich  in  silver,  a  little  galena,  and  iron  pyrites. 
Nearer  the  surface  the  ore  has  been  much  changed  by  oxidation, 
zinc  having  been  removed,  and  the  silver  occurring  mostly  as 
chloride  with  some  native  silver  and  oxidised  copper  and  lead 
minerals.  The  gangue  forms  about  35  per  cent,  of  the  ore  as  it 
goes  to  the  mills,  and  is  composed  of  clay  and  disintegrated 
quartzite.  The  ore  is  sometimes  massive,  although  the  vein 
frequently  exhibits  a  banded  structure  Avith  seams  parallel  to  the 
AA^alls,  yet  shoAving  no  evidences  that  the  process  of  formation  AA^as 
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interrupted.  The  ore  is  soft,  friable,  easily  mined,  readily  de- 
tached from  the  Avails,  and  is  separated  from  the  gangue  without 
difficulty.  The  mine  is  very  wet,  especially  in  the  western  ground, 
necessitating  the  use  of  powerful  pumping  machinery. 

The  Ontario  Mine  was  discovered  June  19th,  1872,  and  the 
amount  of  ore  extracted  from  that  date  to  January  1st,  1877,  was 
J3,604  tons,  yielding  $1,056,713  gross  bullion.  From  January  1st, 
1877,  to  April  1st,  1881,  the  quantity  of  ore  mined  and  milled  was 
02,601  tons,  yielding  S6, 950,788,  a  total  production  of  76,205  tons 
and  a  gross  bullion  value  of  $8,007,501,  being  at  the  rate  of  Sl()5  08 
per  ton.i  Up  to  1887  over  $20,000,000  of  bullion  had  been  taken 
from  it.-  The  Emma  and  Flagstaff  mines,  on  the  famous  Emma 
lode,  a  vein  that  lies  at  an  angle  of  about  45"  in  a  country  of 
dolomitic  limestone,  was  at  one  time — about  1875 — a  great  silver 
producer,  although  its  output  has  now  sunk  to  very  small  dimen- 
sions. The  silver  sandstone  region  of  Washington  County,  Southern 
Utah,  has  already  been  described  {sec  page  55).  The  most  im- 
portant of  these  "  silver  reef"  mines  are  worked  by  the  Christy  and 
Stormont  companies;  their  ores  average  $120  to  the  ton,  and 
their  annual  production  was  about  250,000  oz.  in  1887.  Between 
1877  and  1887  the  total  output  was  about  3,000,000  oz.  The  total 
production  of  the  precious  metals  in  Utah  during  the  census  year 
ending  May  31st,  1880,  was  $5,034,645.  During  that  period  the 
production  amounted  to:  gold  $291,555,  silver  $4,743,090.  In 
1894 3  it  was:  gold  (fine)  41,991  oz.,  worth  $868,031,  and  silver 
(fine)  5,891,901  oz. 

A  considerable  impulse  has  been  given  to  the  mining  industries 
of  Arizona  by  discoveries  made  in  the  Tombstone  district,  in 
Cochise  County,  but  the  bullion  production  of  that  area  was  only 
beginning  to  come  forward  during  the  period  covered  by  the  tenth 
census.^ 

The  mining  district  and  town  of  Tombstone  are  situated  in 
Cochise  County,  Arizona  Territory,  at  the  north-west  end  of  the 
Mule  Pass  range  of  mountains,  on  the  right  bank  of  the  San  Pedro 
River,  from  which  the  town  is  nine  miles  distant.  It  is  also  twenty- 
four  miles  south  of  Benson  Station  on  the  Southern  Pacific  Railroad 
of  Arizona,  and  about  forty  miles  north  of  the  Mexican  line.     Its 

^  W.  Ashbuiner  and  W.  P.  Jeiinej^  Rijtort  on  the  Ontario  Sil.rtr  Mining 
Comjxin !/'■■<  Pfoperti/,  San  Francisco,  1881. 

-  0.  J.  HoUister,  loc.  cit.  p.  16. 

■^  The  Mintral  Indu'itry,  iii.  1894,  p.  278. 

"*  William  P.  Blake,  F.(t.S.,  "  The  Geology  and  Veins  of  Tombstone,  Arizona,'' 
Tran-i.  Amtr.  Inst.  Min.  Eikj.,  x.  1882,  p.  'i'U. 
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altitude  above  the  sea  is  approximately  -ijOuO  feet.  The  Dragoon 
Mountains  rise  to  the  north-east,  and  the  Huachuca  Range  lies  on 
the  south-west.  The  country  is  without  timber,  and  the  surface 
where  the  mines  are  opened  is  in  general  gently  rolling  and 
accessible  to  waggons  by  natural  roads.  The  first  mining  grants 
were  made  in  the  year  1878,  and  in  1882there  were  probably  over 
one  thousand  claims  taken  up  in  the  district  and  upwards  of  2,500 
inhabitants.  The  output  of  the  precious  metals,  gold  and  silver,  up 
to  January  1st,  1882,  amounted  to  87,359,200,  and  over  83,000,000 
had  been  disbursed  in  dividends. 

In  going  from  Benson  to  the  mines  the  traveller  rises  from  the 
Post-Pliocene  deiDosits  along  the  San  Pedro  to  a  granitic  plateau. 
The  rock  is  gray,  and  highly  crystalline,  is  ajDparently  eruptive, 
and  weathers  into  gigantic  rounded  blocks  lying  one  upon 
another,  as  if  piled  there  by  some  enormous  force,  and  extends  to 
within  a  mile  or  two  of  Tombstone,  where  stratified  formations  occur 
overlying  the  granite.  These  stratified  beds  consist  of  quartzites, 
limestones  and  slates,  with  frequent  repetitions  in  an  ascending 
series  several  thousand  feet  in  thickness,  but  all  conformable,  and 
dipping,  generally  at  a  low  angle,  towards  the  east.  The  fossils 
which  have  been  found  in  the  middle  and  upper  beds  show  them 
to  be  Palaeozoic  and  probably  of  Lower  Carboniferous  age,  whilst  the 
lower  strata  are  probably  older. 

In  addition  to  the  stratified  formations  there  are  intrusive 
porphyritic  dykes  cutting  indiscriminately  through  the  strata  nearly 
at  right  angles,  and  trending  approximately  north  and  south. 
This  is  the  direction  of  the  general  faulting  of  the  country,  and 
also  of  the  mineral  veins.  In  the  central  portion  of  the  district, 
erosion  has  exposed  the  outcropping  edges  of  many  strata  of  lime- 
stones, shales  and  quartzites.  Both  the  shale  and  quartzite  beds 
are  very  fine-grained  and  compact  in  texture,  with  scarcely  any 
signs  of  granular  structure.  The  latter  is  flint-like  and  hard,  and 
is  more  exactly  described  as  a  novaculite  or  honestone,  passing  in 
places  insensibly  into  siliceous  limestone.  An  abundance  of  iron 
pyrites  in  fine  crystalline  grains  is  disseminated  through  the  layers 
of  this  rock,  which  derives  special  importance  from  the  fact  that 
the  mines  on  the  Touo-h  Nut  and  Good  Enough  claims  find  it 
below  the  chief  ore-bearing  limestone.  The  beds  above  it  consist 
of  dark,  black,  or  blue  limestones,  and  of  thick  beds  of  dark  argil- 
laceous shale,  alternating  with  black  siliceous  shales  for  nearly  half 
a  mile  to  the  eastward.  The  black  limestones  above  the  novaculite 
are  the  chief  repositories  of  the  bedded  masses  of  rich  silver  ore. 
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The  whole  series  of  beds  in  this  central  j)art  of  the  district  is 
thrown  into  folds,  being  regularly  plicated  in  a  series  of  wave-like 
flexures  which  may  be  traced,  although  with  some  difficulty,  upon 
the  surface,  but  are  best  seen  in  the  cross-cuts  of  the  mines  and 
along  the  drifts.  In  the  open  cut  upon  the  Tough  Nut  there,  is  a 
good  exposure  of  some  of  the  beds  at  the  crest  of  an  anticlinal 
fold,  presenting  an  appearance,  in  section  along  a  north-east  and 
south-west  cut,  as  shown  in  Fig.  119  in  which  « is  novaciilite,  under 
the  limestone,  h  limestone  bending  over  the  novaculite,  and  c  shales 
over  the  limestone. 

'  This  section  is  along  the  upper  level  known  as  the  adit,  and  is 
directly  below  the  place  on  the  surface  where  ore  was  found  crop- 
ping out  mixed  with  soil  and  vein-stuff.  At  another  place  there  is 
a  series  of   plications,  at  about  the  angles  shown   with  rich  ore 


to,  i 

Fig.  up. — Anticlinal,  Tough  Xut  claim 


lying  in  the  folds.  These  folds  are  not  large,  coveriug  a  few  hun- 
dred feet  in  extent  only,  but  are  beautifully  regular  and  well- 
defined  ;  in  the  series  of  strata  to  the  eastward  the  dip  becomes 
more  regular,  coarse-grained  quartzites,  in  thicker  beds,  taking  the 
place  of  finer-grained  deposits.  All  the  formations  named  have 
not  only  been  uplifted  as  described,  but  have  been  much  broken 
and  faulted  either  at  the  time  of  uplifting  or  subsequently. 

The  chief  ore-bearing  vein  of  the  district  traverses  the  Grand 
Central  and  the  Contention  claims.  These  were  laid  out  in  a 
north  and  south  direction  upon  the  somewdiat  obscure  outcrop  of 
a  dyke  of  dioritic  porphyry  carrying  ore  in,  through,  and  alongside 
it.  The  outcrop  was  not  well-defined,  consisting  of  porphyry  and  of 
a  confused  mixture  of  porphyry,  chert  and  quartz,  with  masses  of 
porous  quaitzite  alongside,  none  of  the  rocks  rising  high  above  the 
soil.  There  was,  however,  a  considerable  discoloration  by  oxide  of 
iron,  and  a  small  amount  of  diggiug  revealed  good  ore  near  the 
surface.  This  dyke  varies  in  width  from  a  few  feet  to  seventy  feet, 
and  dips  to  the  westward  at  an  angle  of  from  55'  to  65°.  It  cuts 
indiscriminately  through  shales,  quartzites  and   limestones,  and  is 
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evidently  of  igneous  origin.  Its  contact,  however,  with  the  abutting 
edges  of  the  disrupted  beds  is  not  ahvays  marked  by  any  material 
change  in  their  appearance  or  composition,  although  in  places 
there  is  obscure  metamorphism,  and  some  slight  modification  of 
structure.  The  dyke  itself  has  a  distinct  vertical  lamination,  and 
is  more  or  less  penetrated  by  thin  veins  of  quartz.  In  some  por- 
tions it  is  highly  crystalline,  whilst  in  others  it  consists,  chiefly,  of 
a  felspathic  base  in  Avhich  the  felspar  crystals  are  obscure.  It 
finally  passes  into  a  felsite,  which,  in  the  decomposed  portions  of 
the  dyke,  and  when  slaty  in  structure,  might  be  mistaken  for 
altered  shale  or  quartzite.  Large  portions  of  the  dyke  are  so 
penetrated  by  quartz  as  to  consist  largely  of  that  mineral,  although 
close  examination  shows  the  presence  of  felspar. 

There  is  also  a  considerable  amount  of  mineralisation  of  the 
dyke  by  iron  pyrites  disseminated  irregularly  in  cubical  crystals, 
most  of  which  have  been  dissolved  out  and  left  cavities  only  to 
indicate  their  former  presence,  giving  rise  in  places  to  a  spongy  mass 
of  either  porphyry  or  quartz.  Although  the  mines  have  been 
Avorked  to  a  depth  of  6UU  feet  and  there  are  some  twelve  to  fifteen 
miles  of  drifts,  levels,  and  winzes  in  the  Contention  and 
adjoining  mines,  the  undecomposed  ores  below  the  water-level 
have  not  been  rea.ched,  and  all  the  minerals  above  that  point  are 
in  the  decomposed  and  oxidised  condition  common  to  surface  ores, 
A  large  portion  of  them  is  charged  with  red  oxide  of  iron  to  such 
an  extent  that  the  clothing  of  the  miners  becomes  saturated  with 
the  rouge-like  powder,  and  the  tailings  at  the  mills  are  blood-red 
in  colour. 

There  has  been  an  extensive  decomposition  of  the  porphyry 
along  tlie  upper  300  feet  of  the  dyke,  resulting  in  the  formation  of 
quantities  of  kaolin,  sometimes  perfectly  white  and  pure,  but  gene- 
rally more  or  less  stained  by  red  oxide  of  iron.  This  kaoliuisation 
extends  in  places  to  the  adjoining  shales,  and  there  are  some  white, 
clay-like  interstratified  beds,  which  may,  on  further  examination, 
be  found  to  be  altered  felsitic  offshoots  from  the  dyke.  The  only 
metalliferous  contents,  with  the  exception  of  the  pyrites  and  some 
galena  and  lead  carbonate,  are  gold  and  silver  in  a  partially  free 
state,  part  of  the  gold,  if  not  all  of  it,  being  free,  the  silver  occur- 
ring chiefly  as  chloride,  with  probably  some  iodide.  The  average 
value  of  gold  and  silver  in  the  ores  worked  in  1880  was  about  S70 
per  ton.  The  gold  represents  from  20  to  25  per  cent,  of  the  value 
of  the  product,  the  remainder  being  silver.  A  very  interesting 
fact   is  the  occurrence  of  metallic  gold,   together   with   chloride 
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of  silver,  disseminated  in  the  midst  of  the  porphyritic  rock,  at 
a  distance  of  many  feet  from  the  portions  of  the  porphyry  carrying- 
quartz  in  veins.  This  gold  is  found  chiefly  in  a  portion  of  the 
rock  containing  finely-disseminated  hornblende.  In  decomposing, 
this  porphyry  becomes  steatitic,  and  in  places  appears  to  be 
changing  to  serpentine.  The  gold  is  found  in  thin  sub-crystalline 
flakes  and  scales,  chiefly  in  and  along  thin  seams  and  cracks 
in  the  mass  of  the  rock,  as  if  it  had  been  infiltrated  and  deposited 
from  solution.  Free  gold  is  also  found  in  quartz  in  the  usual 
manner  of  association  ;  but  even  in  such  specimens  the  crystalline 
felspar  of  the  dyke  is  also  found. 

The  whole  of  the  dyke,  together  with  the  adjoining  strata,  has 
been  subjected  to  extensive  movements  and  displacements,  shown 
not  only  by  breaks  of  continuity,  but  by  brecciated  cross-courses 
and  by  seams  traversing  both  the  igneous  and  stratified  forma- 
tions. This  disruption  of  the  dyke,  with  its  attendant  fracturing 
and  brecciation  of  the  country  rock,  accompanied  by  the  movement 
of  the  dyke  upon  itself,  and  the  formation  of  heavy  clay  seams, 
has  provided  suitable  places  for  the  accumulation  of  ore,  which 
is  generally  found  in  the  softer  and  more  broken  portions  of 
the  dyke.  The  only  place  upon  the  lode  where  water  has  been 
reached  is  upon  the  Sulphuret  'claim.  At  this  point  the  lode 
intersects  limestone,  and  there  is  a  bedded  layer  of  ore  following 
the  stratification  and  connected  with  the  dyke ;  this  ore  is  chiefly 
galena  and  iron  pyrites.  Bedded  ore  deposits  are  associated  with 
bedded  dykes,  and  with  vertical  fissures  nearly  parallel  with  the 
Contention  Lode.  One  of  the  longest  and  best  defined  is  the 
West-side  Lode,  which  may  be  traced  for  about  two  miles,  until  it 
passes  into  the  underlying  granite. 

A  line  of  fissure  cuts  across  the  anticlinal  line  of  the  formations 
at  the  open  cut  on  the  Tough  Nut,  and  crosses  the  whole  breadth 
of  the  Good  Enough  into  the  claim  beyond.  This  has  been  fol- 
lowed on  ore  from  the  open  cut,  and  is  connected  with  the  chief 
lateral  bedded  deposits.  A  lode  has  also  been  followed  in  the 
same  general  direction  from  the  claim  called  the  Defence  across 
the  Tough  Nut  into  the  Good  Enough.  This  lode  is  marked  by 
heavy  outcrops  of  quartz,  and  by  flinty  boulders  lying  above  the 
limestone  on  the  surface. 

The  bedded  offshoots  from  the  vein,  which  are  often  of  con- 
siderable lateral  extent,  following  the  planes  of  stratification  on 
either  side,  may  be  due  to  the  decomposition  of  nodular  masses, 
but  they  are  generally  deposited  in  the  limestone  as  if  by  replace- 
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ment.  They  may  be  regarded  as  filling  irregular  cavernous  spaces 
eroded  in  the  strata  by  metalliferous  solutions,  and  are  without 
any  regular  boundaries.  The  bedded  masses  do  not  exhibit  a 
symmetrical  arrangement  of  the  ore,  except  such  as  may  be  referred 
to  stratification  or  deposition  by  gravity.  It  is  to  be  observed 
that  the  bedded  masses  of  ore  occupy  the  limestone  rather  than 
the  siliceous  or  argillaceous  strata,  as  might  be  expected  from  the 
greater  solubility  of  limestone.  In  extent  the  bedded  masses  have 
been  much  larger  than  the  ore  bodies  of  the  vertical  fissures,  and 
it  may  be  said  that  the  larger  portion  of  the  production  has  been 
from  beds  or  flats.  They  extend  irregularly  between  tAvo  fissures, 
for  a  distance  of  about  400  feet  measured  diagonally  along  the  dip. 
It  is  noteworthy  that  they  follow  the  stratification  for  some  dis- 
tance and  then  suddenly  break  across  it  vertically,  following  a 
crack  or  break  in  the  bedding,  and  then  again  expand  horizontally 
for  some  distance  to  another  crack,  when  they  drop  down  by  a 
series  of  steps  from  one  layer  to  another  between  the  limestones. 
The  ores  found  in  these  bedded  deposits  in  limestone  are  much 
more  pluinbiferous  than  is  the  ore  of  the  felspathic  dyke.  Galena, 
blende  and  iron  pyrites  are  abundant  in  masses,  which,  within  the 
reach  of  oxidising  agencies,  are  largely  converted  into  oxides  and 
carbonates.  The  similarity  between  this  mode  of  occurrence  and 
that  of  more  or  less  argentiferous  lead  ores  in  other  countries 
{e.g.,  the  flats  of  tlie  North  of  England  lead  mines)  is  sufficiently 
obvious. 

The  Castle  Dome  district  lies  in  the  foot-hills,  and  on  the 
western  slope  of  a  range  of  mountains,  in  Arizona,  eighteen  miles 
east  of  Castle  Dome  Landing,  on  the  Colorado  River.  The  district, 
as  already  traced,  is  two  miles  in  width  and  seven  in  length,  following 
the  trend  of  the  mountains.  The  lodes  in  this  district  were  re- 
discovered in  the  year  1863,  but  it  is  evident  that  they  had  been 
opened  and  worked,  to  a  shallow  depth,  at  a  comparatively  remote 
period,  probably  by  some  of  the  Spanish  priests  who  first  made 
their  way  from  Mexico  into  Arizona.  The  ore,  which  occurs  in 
true  veins,  is  a  dense  brilliant  galena,  carrying  about  30  oz.  of  silver 
per  ton.  The  rocks  of  this  region  are  compact  fine-grained  mica 
schists  and  clay  slates,  standing  nearly  on  edge,  and  traversed  by 
numerous  porphyritic  dykes,  which  apparently  bear  some  close 
relation  to  the  mineralisation  of  the  veins.  The  veins  have  a 
general  north-west  and  south-east  course,  their  outcrops  being- 
made  chiefly  evident  by  fragmentary  crystals  of  rose-coloured  fluor 
spar,   which    constitutes   the    chief  veinstone    accompanying    the 
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galena,  and  which  forms  an  excellent  flux  for  the  ore.  This  is  the 
only  known  instance  of  the  general  occurrence  of  fluor  spar  in 
lead-bearing  veins  in  the  United  States.  Calcite  and  gypsum  are 
also  often  present,  and  in  some  of  the  veins  quartz  constitutes  an 
important  jDortion  of  the  gangue,  being  either  arranged  as  combs 
parallel  to  the  walls,  or  forming  sheets  in  the  middle  of  the  veins. 

During  the  first  six  months  of  the  year  1879  the  shipments  to 
San  Francisco,  where  the  Avorks  of  the  company  are  situated, 
amounted  to  438i  tons  of  ore,  yielding  5^^21,367,  or  an  average  of 
§48  per  ton  of  2,000  lbs.  The  average  percentage  of  lead  was  69, 
and  the  contents  of  silver  26  oz.  per  ton.  The  value  of  the  lead 
per  ton  was  $25'61,  and  the  value  of  the  silver  at  90  cents 
per  oz.  S23"89  per  ton  of  ore,  making  a  total  of  .S49"50  per  ton 
of  ore.^ 

The  total  production  of  Arizona  during  the  tenth  census  year 
was  estimated  at  $211,966  for  gold  and  $2,325,826  for  silver,  and 
consecjuently  the  yield  of  the  latter  is  much  in  excess  of  that  of 
gold.  Mr.  King,  however,  states  that,  from  not  being  in  some  cases 
furnished  with  the  necessary  returns,  the  above  estimate  may 
possibly  be  wrong. to  the  extent  of  some  20  per  cent.  During  the 
eleventh  census  year  the  production  was  44,029  oz.  of  fine  gold 
worth  $910,174  and  1,812,961  oz.  of  fine  silver  worth  $2,343,977. 
In  1894,^  according  to  the  Minerai  IndvMry,  the  figures  were  : 
gold  96,313  oz.,  worth  $1,990,966,  silver  1,.539,453  oz. 

The  gold  production  of  Idaho  during  the  tenth  census  year 
amounted  to  $1,479,655,  of  which  o9"42  per  cent,  was  the  yield  of 
placers,  and  40'58  per  cent,  the  result  of  deep  mining ;  the  pro- 
duction of  silver  for  the  same  year  amounted  to  only  $464,550. 
The  principal  mining  areas  are  those  of  Owyhee,  the  New  River 
country,  and  the  Yankee  Fork  region.  During  the  eleventh 
census  year  the  State  produced :  fine  gold  95,893  oz.,  worth 
$1,984,159,  fine  silver  3,137,508  oz.,  worth  $4,056,482.  The 
silver  is  obtained  principally  from  deposits  of  argentiferous  galena 
and  blende  in  limestone  rocks  in  the  southern  part  of  the  State, 
and  from  the  Poorman  Lode,  a  fissure  vein  apparently  in  porphyry 
and  metamorphic  rocks,  carrying  ruby  silver  and  other  silver  ores. 
In  1894  ^  the  output  of  the  State  was:  fine  gold  100,682  oz., 
value  $2,081,281,  fine  silver  3,288,548  oz. 

^  W.  p.  Blake,  Rtport  to  Ca-itle  Domt  Minlnij  and  SmtltiiKj  ComjKiny,  July, 
1880. 

-   The.  M intra/  Indn-stry,  iii.  1894,  ]).  278. 
'■^  Ihid. 
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Oregon  is  one  of  the  oldest  of  the  western  mining  States,  the 
finding  of  gold  within  its  boundaries  having  closely  followed  the 
discovery  of  that  metal  in  California.  Its  yield  was  never  large 
in  comparison  with  that  of  the  neighbouring  State,  but,  although 
the  mines  have  now  become  secondary  to  its  agricultural  resources, 
they  still  afford  remunerative  employment  to  many  of  its  inhabitants. 
The  quartz  veins  of  the  portion  of  the  State  which  adjoins  Idaho 
continue  to  yield  the  greater  portion  of  the  total  deep-mine  pro- 
-duction  of  the  country.  The  prevailing  type  of  the  ore  is  an  easily- 
worked  auriterous  quartz,  although  rebellious  gold  ores,  requiring 
special  treatment,  are  found  in  some  localities,  and  a  small  amount 
of  silver  is  produced  in  Grant  County.  This  county  also  takes 
the  lead  in  placer  mining,  while  Baker,  Jackson  and  Josephine 
counties  also  furnish  a  considerable  amount  of  alluvial  gold.  The 
production  of  the  precious  metals  in  Oregon  during  the  year 
ending  May  31st,  18S0,  was  :  gold  .^1,097,700,  silver  827,793. 
In  1894  I  it  was :  fine  gold  68,792  oz.,  value  81,422,056,  fine 
silver  26,171  oz. 

Of  the  comparatively  small  production  of  the  deep  mines  of 
Washington  Territory,  by  far  the  larger  portion  comes  from  the 
Peshastin  district,  in  Yakima  County,  where  quartz  mining  is 
carried  on  upon  a  limited  scale.  The  Upper  Columbia  placers 
furnish  above  one-half  of  the  alluvial  gold  annually  obtained  in  the 
.Territory.  The  yield  of  the  precious  metals  during  the  year  188() 
amounted,  according  to  official  returns,  to  :  gold  .8135,800,  silver 
81,019.  In  1894  ^  it  was  :  fine  gold  9,438  oz.,  value  8195,100, 
and  fine  silver  113,160  oz. 

The  vast  region  of  Alaska,  occupying  an  area  of  half  a  million 
square  miles,  remains  in  large  part  still  unexplored,  whilst  its 
exceptionally  severe  climate,  and  its  remoteness  from  facilities  of 
communication,  must  always  remain  obstacles  to  the  development 
of  its  mines. 

Several  placer  districts  are  known,  amongst  Avhich  those  of 
Takou  district  rank  as  about  the  most  productive.  A  mineral- 
ised belt  ^  seems  to  extend  for  about  a  hundred  miles,  with  a 
width  of  from  one  to  several  miles,  running  in  a  north-westerly 
direction,  close  to  the  western  seaboard  of  the  Territory.  The 
belt    is   mostly    characterised    by    granites,    slates,    serpentines, 

1  Th".  Miatral  Industry,  iii.  1S94,  p.  278. 

2  Ibid. 

*  G.  W.  Garside,  '-The  Mineral  Resources  of  Southern  Alaska,"  Trans.  Amer. 
Inst.  Mm.  Enrj.  xxi.  1892,  p.  81.5. 
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porphyries,  and  other  igneous  and  highly  metamorphic  rocks, 
traversed  by  veins  of  quartz  carrying  gold  and  ores  of  silver,  lead, 
copper,  zinc,  &c.,  the  gold  being  generally  associated  with  iron 
pyrites.  By  far  the  most  important  deposit  is  that  known  as 
the  Paris  or  Treadwell  Mine,  Avorked  by  the  Alaska-Treadwell 
Gold  Mining  Company,  on  the  eastern  side  of  Douglas  Island, 
which  is  separated  from  the  mainland  by  a  channel  less  than 
a  mile  in  width.  This  deposit  seems  to  consist  of  a  mass  of  highly 
altered  granite,^  interpenetrated  by  veinlets  of  quartz  and  mineral- 
ised by  gold  and  auriferous  iron  pyrites.  This  mass  of  granite 
seems  to  be  a  boss  or  dyke,  some  420  feet  in  width,  that  has 
Ijroken  here  through  slates  of  apparently  Triassic  age. 

It  has  been  followed  down  to  220  feet  below  adit  level,  where 
it  seems  to  be  assuming  the  form  of  a  vein  or  dyke  ;  a  large 
"  horse  "  of  slate  rock  has  been  cut  in  depth.  The  altered  granitic 
rock  consists  of  quartz,  felspar,  calcite  and  pyrites,  containing 
kernels  of  unaltered  granite.  There  seems  to  be  evidence  that  the 
granite  had  undergone  considerable  crushing  action  which  probably 
rendered  it  permeable  by  the  mineralising  solutions  that  brought 
in  the  gold  and  the  pyrites.  In  the  twelve  months  ending- 
May  15th,  1895,-  there  were  mined  [^and  treated  241,278  tons 
of  ore  which  yielded  free  gold  to  the  value  of  $411,070  and 
4,283  tons  of  pyrites,  which  produced  gold  to  the  value  of  $215,256. 
The  total  yield  was  therefore  at  the  rate  of  $2'60  per  ton  of  which 
$0*70  was  free  gold ;  the  concentrates,  of  which  the  ore  carried 
about  1"75  per  cent.,  yielded  at  the  rate  of  $50'51  per  ton.  From 
the  commencement  of  operations  in  1882  to  the  end  of  May,  1895, 
tliere  Avere  treated  1,775,987  tons  of  ore  which  produced  $4,334,501 
worth  of  free  gold  and  $1,508,525  worth  of  gold  from  $34,802  tons 
of  concentrates,  or  total  of  $5,843,116,  being  at  the  rate  of 
$3*40  per  ton.  Out  of  the  above  total,  profits  to  the  amount 
of  $2,980,286  were  obtained,  an  exceptionally  good  return  upon 
such  low  grade  ore. 

A  somewhat  similar  deposit  has  recently  been  opened  in  the 
neighbouring  Alaska-Mexican  Company's  Mine.  The  deposit, 
which  is  spoken  of  as  a  "  vein  "  by  the  miners,  is  probably  a  narrow 
dyke  ;  its  width  -^  at  the  220-foot  level  is  22  feet.  In  the  upper 
levels  it  has  been  driven  on  for  a  length  of  720  feet  and  is  40  feet 
wide  in  places.     During  the  year  1895  there  were  crushed  79,480 

1  J.  F.  Kemp,  Ore  Depoiits  of  the  United  States,  189.3,  p.  254. 

-  Fifth  Annual  Statement  of  the  Alaska-Treachvell  Gold  Mining  Company. 

^  Third  Anmial  Statement  of  the  Alasbx-Mexican  Gold  Mining  Company. 
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tons  yielding  $155,638  worth  of  free  gold,  being  at  the  rate  of 
81"96  per  ton,  and  870,620  worth  of  gold  from  the  concentrates,  or 
a  total  of  8226,258,  being  at  the  rate  of  S2'85  per  ton.  There 
were  obtained  1,597  tons  of  concentrates  (about  2  per  cent.)  yielding 
at  the  rate  of  S44:'83  per  ton. 

According  to  official  returns  the  total  production  of  Alaska 
during  the  tenth  census  year  Avas :  gold  85,951,  silver  851.  In 
1894^  it  was:  fine  gold  53,808  oz.,  value  81,113,550,  and  fine 
silver  22,261  oz. 

The  total  production  of  the  Pacific  Division  of  the  United 
States  during  the  tenth  census  year  amounted  to:  gold  825,261,828, 
silver,  821,143,881.  In  1894  ^  it  was:  fine  gold  1,099,838  oz., 
value  822,732,084,  fine  silver  12,388,599  oz.,  value  87,804,818. 

Division  of  the  Rocky  Mountains. — The  division  of  the 
Rocky  Mountains  comprehends  Colorado,  Dakota,  Montana,  New 
Mexico,  and  Wyoming.  This  division  yields  about  one-fourth  of 
the  gold  and  one-half  of  the  silver  annually  produced  in  the 
United  States  ;  in  addition  to  which,  a  large  jDroportion  of  the  lead 
produced  in  the  country  is  obtained  from  the  mines  of  this  region. 

From  an  average  annual  production  of  between  three  and  four 
millions  of  dollars,  Colorado  has  suddenly  risen  to  the  first  rank 
among  the  States  and  Territories  as  a  producer  of  mixed  bullion, 
of  which  the  larger  proportion  is  silver.  As  a  gold-producing 
State  it  occupied  the  fourth  place  in  1880,  was  second  in  1894, 
and  as  far  as  returns  are  available  but  little  behind  California  in 
1895,  in  which  year  its  production  is  estimated  at  close "  on 
815,000,000,  or  only  about  4  per  cent,  less  than  that  of  California. 
The  most  important  mining  area  in  the  State  of  Colorado  has  been 
that  in  the  vicinity  of  Leadville,  a  town  situated  in  Lake  County, 
on  the  western  flank  of  the  Mosquito  or  Park  range  of  mountains, 
and  on  the  eastern  slope  of  the  valley  of  the  Arkansas,  at  a  mean 
average  elevation  of  10,150  feet  above  the  level  of  the  sea.  The 
Rocky  Mountain  Chain  is  here  composed  of  three  more  or  less 
parallel  ranges ;  the  Colorado  or  Front  Range,  the  Mosquito 
or  Park  Range,  and  the  Sawatch  Range.  The  Arkansas  Valley  is 
a  meridional  dejDression  about  sixty  miles  in  length  by  sixteen  in 
width,  bordered  by  the  sharp  peaks  of  the  Mosquito  Range  on  the 
east,  and  by  the  equally  high  but  broader  mountain  mass  of  the 
Sawatch  Range  on  the  west.  At  a  distance  of  about  twenty  miles 
from  its  head  the  foot-hills  of  the  bordering  ranges  close  together, 

1  The  Mineral  Industry,  iii.  1894,  p.  278. 

2  Ihkl. 
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confining  the  present  bed  of  the  stream  within  a  narrow  rocky  canon, 
a  few  miles  above  the  town  of  Granite. 

On  the  upper  edge  of  a  gently-sloping  terrace,  between  Big- 
Evans  and  California  Gulches,  and  at  the  base  of  Carbonate  Hill, 
the  extremity  of  a  western  spur  of  the  Mosquito  Range,  is  situated 
the  city  of  Leadville.  Gold  was  first  discovered  in  1859  on 
Tarryall  Creek,  at  the  head  of  the  South  Park,  and  early  in  the 
spring  of  1860  two  parties  of  prospectors  stumbled  almost  simul- 
taneously ujjon  rich  diggings  in  California  Gulch,  near  the  present 
site  of  Leadville.  Large  quantities  of  alluvial  gold  Avere  obtained 
from  this  gulch,  and  a  town  was  built  along  its  banks,  known  as 
Oro  City ;  the  richer  placers,  however,  became  rapidly  exhausted, 
and  in  the  course  of  three  or  four  years  the  population  of  the  town 
of  Oro  had  become  reduced  from  thousands  to  hundreds.  The 
miners  of  that  date,  who  had  acquired  their  experience  in  the 
gold-fields  of  California,  knew  little  or  nothing  about  the  ores 
of  silver,  but  prospecting  for  gold  was  to  some  extent  carried  on 
upon  the  outcrops  from  which  the  gold  of  the  placer  diggings 
had  been  derived.  These  operations  resulted  in  the  discovery  of 
several  gold  mines  Avhich,  for  a  time,  brought  back  a  gleam  of 
renewed  prosperity  to  the  dwindling  camp  at  Oro,  but  of  whose 
yield  no  data  are  available.  Few^,  however,  if  any,  suspected  the 
value  of  the  so-called  "heavy  rock,"  fragments  of  iron-stained 
carbonate  of  lead,  which,  being  too  heavy  to  be  carried  off  by  the 
force  of  running  water,  obstructed  the  sluices  and  required  to  be 
removed  by  hand. 

The  practical  discovery  of  the  argentiferous  ores  of  Leadville 
was,  however,  made  in  1875,  and  the  first  small  lot  was  shipped  to 
Saint  Louis  in  1878.  Active  prospecting  over  the  whole  region 
commenced  in  the  spring  of  1877,  and  the  development  of  rich 
and  productive  mines  from  that  time  advanced  with  astonishing 
rapidity. 

The  most  ancient  rocks  of  the  Leadville  district  are  of 
Archaean  age,  consisting  of  granite  and  gneiss,  above  which  follow 
successively  Cambrian  quartzites,  Silurian  white  limestones, 
Carboniferous  blue  limestones  and  grits,  and  finally  Quarternary 
deposits  consisting  of  lake  beds  and  post-glacial  drifts.  The 
io-neous  rocks  of  the  district  comprehend  different  varieties  of 
porphyry,  and  the  strata  are  traversed  by  numerous  faults,  wdiich 
in  some  places  represent  considerable  displacements.  Throughout 
this  region  the  stratum  of  dark  blue,  often  nearly  black,  lime- 
stone,   at    the    base    of    the    Carboniferous    formation,    is    the 
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most  important  ore-bearing  rock.  There  are,  however,  other 
horizons  in  which  ore  is  sometimes  found,  although  in  general  in 
masses  far  inferior  in  quality  and  extent  to  those  occurring  at  the 
contact  of  this  limestone  with  the  porphyry,  which  almost  every- 
where overlies  it.  The  ore  is  principally  argentiferous  galena,  with 
its  products  of  alteration,  cerrusite  and  chloride  of  silver,  whilst, 
as  accessory  minerals,  anglesite,  pyromorphite,  minium,  blende 
and  calamine  are  sometimes  met  with.  Native  sulphur  has 
occasionally  been  found  as  a  result  of  the  decomposition  of  galena, 
as  well  as  metallic  silver,  produced  by  the  reduction  of  the  chloride 
of  that  metal. 

Mr.  S.  F.  Emmons,  of  the  United  States  Geological  Survey,  was 
for  some  time  engaged  in  a  study  of  the  structural  and  mining- 
geology  of  the  district  about  Leadville,  and  material  was  gathered 
for  an  exhaustive  monographic  report  on  the  geology  and  mining- 
industry  of  the  locality.  In  an  abstract  of  this  report,  published 
in  1882,  Mr.  Emmons^  remarks  that,  although  his  conclusions 
cannot  claim  the  merit  of  great  scientific  originality,  since  similar 
opinions  have  already  been  put  forth  by  investigators  in  other 
fields,  they  have  been  arrived  at  purely  from  an  impartial  study  of 
the  peculiar  conditions  of  the  district,  without  any  pre-conceived 
theory  which  might  tend,  unconsciously,  to  bias  the  opinions  of 
the  observer.  The  most  important  facts  observed  and  conclusions 
arrived  at  bearing  upon  the  formation  of  these  metalliferous 
deposits  are  : — 

1st.  "The  occurrence,  on  an  enormous  scale,  of  intrusive 
bodies  of  eruptive  rock  of  Secondary  or  Mesozoic  age,  and  of 
exceptionally  crystalline  structure,  which  are  so  regularly  inter- 
stratified  as  to  form  an  integral  part  of  the  sedimentary  series  ;  and 
yet  which  never  reach  the  surface,  but  were  spread  out  and  con- 
solidated before  the  great  dynamic  movement  or  mountain-building 
period  at  the  close  of  the  Cretaceous. 

2nd.  "That  the  original  ore  deposition  took  place  after  the 
intrusion  of  the  eruptive  rocks,  aud  before  the  folding  and  faulting 
occasioned  by  the  great  dpiaraic  movement. 

3rd.  "  The  minerals  contained  in  the  principal  ore  deposits  of 
the  region  were  derived  from  circulating  waters,  which  in  their 
passage  through  the  various  bodies  of  erujDtive  rocks  took  up 
certain  metals  in  solution ;  and,  concentrating  along  bedding- 
I^lanes    by  a   metaraorphic    or   pseudomorphic   action    of  replace- 

^  "  Abstract  of  Report  on  Geology  and  Mining  Induntrj-  of  Leadville, "^4  HH((aZ 
li'eport  of  the  Stcretarij  of  the  Interior,  iii.  1882,  p.  2U3. 
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ment,  deposited  these  metals  as  sulphides  along  the  contact  or 
upper  surface,  and  to  greater  or  less  depth  below  tliat  surface, 
of  beds  generally  of  limestone  or  dolomite,  but  sometimes  also  of 
siliceous  rocks. 

4th,  "  That  in  the  region  immediately  about  Leadville  the 
principal  deposition  of  silver-bearing  minerals  took  place  at  the 
horizon  of  the  lowest  member  of  the  Carboniferous  group,  the 
Blue  limestone  formation,  commencing  at  its  contact  with  the 
overlying  White  porjjhyry.  But  that,  while  this  particular  for- 
mation has  been  peculiarly  susceptible  to  the  action  of  ore 
currents  in  this  region,  it  is  not  admissible  to  assume,  as  some 
have  done,  that  in  general  the  beds  of  any  one  geological  epoch 
are  more  favourable  than  those  of  any  other  to  the  formation 
of  this  important  type  of  silver-bearing  deposits ;  since,  although 
they  are  generally  found  in  greatest  abundance  in  calcareous 
beds  of  Palaeozoic  age,  the  horizon  of  such  beds  is  by  no  means 
identical  in  the  various  mining  districts  in  which  they  have  been 
thus  far  developed. 

5th.  "  That  in  this,  as  in  many  other  mining  districts,  dykes 
of  eruptive  rock,  cutting  the  ore-bearing  formation  transversely, 
seem  to  favour  the  concentration  of  rich  ore  bodies  or  bonanzas 
in  their  vicinity. 

Oth.  "  That  on  fault  planes,  on  the  other  hand,  no  considerable 
ore  bodies  have  been  deposited,  as  might  have  been  assumed, 
a  2')Tiori,  from  the  fact  that  their  origin  is  later  than  that  of  the 
original  ore  deposits." 

On  the  other  hand,  Mr.  J.  Alden  Smith,  the  State  Geologist 
of  Colorado,  says  in  his  report  on  the  mineral  resources 
of  Colorado :  ^ — "  I  am  impelled  to  reiterate  the  opinions  hereto- 
fore expressed,  that  the  ore  deposits  of  this  district  came  from 
below  through  fissures  originating  iu  the  granite  rocks,  and,  ex- 
tended upward,  penetrated  the  limestones  and  quartzites  to  the 
contact  with  the  overlying  porphyry ;  that  these  fissures  lead  to 
many  bedded  veins  in  the  limestone  or  quartzite,  and  to  contact 
veins  of  more  or  less  value  between  the  formations  last  mentioned, 
and  between  those  and  the  granitic  formation  ;  and  that  these 
fissures  and  deposits  will  be  extensively  and  profitably  worked 
for  centuries  after  the  contact  deposits  now  operated  on  are 
exhausted." 

1  Re2J0H  on  the  Develojmient  of  the  JlinemJ,  Metallurrjieal,  Ayrirnltural ^ 
Pastoral  and  other  Resources  of  Colorado  for  the  years  1881  and  1882,  Denver, 
18S3,  p.  69. 
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The  Leadcillc  Herald  states  that  the  metallic  production  of 
Leadville  for  the  year  1881  was  §13,170,576.  The  statement  of 
the  year's  yield  made  up  by  the  Leadville  Democrat,  shows  a  less 
production.  It  states  that,  from  ore  supplied  by  131  mines, 
7,l74,i^34  oz.  of  silver  and  11,135  oz.  of  gold  were  obtained, 
together  with  37,20-i  tons  of  lead,  representing  a  value  of 
313,100,761.  This,  howevei',  omits  the  gold  jDroduction  of  the 
gulch  mines,  reported  at  869,000,  which,  added  to  the  total,  brings 
the  product  to  813,169,761,  or  within  $815  of  the  Herald's  estimate. 
It  is  uncertain  which  is  correct,  but  from  these  estimates  it  may 
be  deduced  that  the  production  of  Leadville  in  1881  was  about : 
gold  8300,000,  silver  810,300,000.1 

The  Bassick  Mine,  which  is  situated  six  miles  east  of  Silver 
Cliff,  in  Custer  County,  has  always  exhibited  such  very  peculiar 
features  as  to  render  it  one  of  the  most  remarkable  in  Colorado. 
It  is  situated  near  the  centre  of  a  small  rounded  hill,  composed 
of  trachyte  and  felspathic  conglomerate,  of  which  the  greatest 
diameter  is,  at  its  base,  about  1,200  feet,  whilst  its  height  above 
the  generiil  level  of  the  surrounding  country  does  not  exceed 
200  feet. 

Mr.  L.  R.  Grabill,-  who  has  described  this  remarkable 
deposit,  states  that  an  outcrop  of  fine-grained  conglomerate  is 
exposed  on  the  south-west  side,  whilst  on  the  north-east  the  hill 
joins,  by  an  upward  slope,  the  fine-grained  felspathic  rock  of 
Mount  Tyndall,  which  rises  some  600  feet  higher,  and  of  which 
the  elevation  containing  the  Bassick  JMine  forms  an  arm. 

On  visiting  this  mine  attention  is  immediately  attracted  by  the 
unusual  method  of  arrangement  of  the  ore,  which  is  seen  to  be 
disposed  in  concentric  layers  around  fragments  of  trachyte.  These 
frasfments,  each  of  which  constitutes  a  nucleus  for  a  concentric 
arrangement  of  deposits,  vary  in  size  from  boulders  having  a 
diameter  of  two  feet  to  pebbles  whose  diameter  is  not  greater  than 
half  an  inch.  These  have  no  sharp  or  rough  edges,  but  have 
evidently  been  much  worn  by  friction  before  the  deposit  of  the 
metalliferous  minerals  took  place,  their  shape  being  usually  ap- 
proximately spherical.  They  consist  of  trachyte  precisely  similar 
in  character  to  that  of  the  country  rock,  of  which  they  are  without 
doubt    a    portion.      These,    with  their    coatings   of  ore,    quartz, 

1  Report  of  the  Dirertor  of  the  Mint  npon  titt  Prodiicfioii  of  Preciou-s  Jfeiali  in 
the  U.S.,  Washington,  1882,  p.  410. 

-  "On  the  Peculiar  Features  of  the  Bassick  ^line,"'  Trans.  Amer.  I  nut. 
Min.  En;/.,  xi.  1882,  p.  110. 
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and  kaolin,  constitute  the  greater  portion  of  tlie  filling  of  the 
fissure,  and  when  separated  from  the  surrounding  layers  of  ore 
they  rarely  show  by  assay  any  tiling  beyond  a  trace  of  the  precious 
metals. 

As  before  stated,  around  each  of  these  water- worn  fragments,  as 
a  nucleus,  are  arranged  concentric  layers  of  ore,  each  particular 
mineral  forming  a  separate  stratum.  The  layers  always  follow  one 
another  in  the  same  order,  are  of  about  the  same  proportionate 
thickness,  and  are  all  parallel  to  the  surface  of  the  nucleus.  Usually 
three,  but  sometimes  four,  distinct  layers  are  seen  firmly  attached 
to  one  another,  but  with  the  line  of  sej^aration  perfectly  visible. 
The  stratum  next  the  nucleus,  which  is  invariably  the  thinnest, 
consists  of  sulphides  of  zinc,  antimony  and  lead  ;  this  layer  varies 
from  the  thickness  of  a  sheet  of  paper,  in  the  outer  portion  of  the 
ore  body,  to  some  two  and  a  half  inches  nearer  its  centre,  but  is 
usually  from  ^  to  ^V  iiich  through.  This  stratum  contains  about 
()U  oz.  of  silver  per  ton  and  from  1  to  3  oz.  of  gold,  but  varies  much 
in  composition.  ISext  to  this  coating  a  second  is  often  found, 
which,  although  it  is  not  always  very  distinct,  is  lighter  in  colour, 
slightly  thicker,  and  contains  more  lead,  silver  and  gold  than  the 
previous  one.  This  coating  frequently  contains  as  much  as  100  oz.^ 
of  gold  per  ton,  and  from  1-50  to  200  oz.  of  silver.  The  third  shell, 
counting  from  the  nucleus  outwards,  consists  of  blende  from  a 
quarter  of  an  inch  to  two  and  a  half  inches  thick  ;  this  mineral, 
which  is  usually  crystalline,  generally  contains  from  60  to  120  oz. 
of  silver  per  ton,  with  from  15  to  50  oz.  of  gold,  and  constitutes 
the  principal  source  of  value  in  the  mine.  It  contains  also  a 
considerable  amount  of  iron  and  copper  sulphides.  The  inner 
surface  is  smooth,  but  the  outer  is  rough,  with  the  points  of  the 
crystals  projecting.  The  fourth  coating,  when  there  is  one,  is 
formed  of  chalcopyrite,  and  varies  much  in  quantity.  Sometimes 
it  consists  merely  of  crystals,  sparsely  scattered  over  the  rough 
pointed  surface  of  the  blende,  whilst  at  others  it  attains  a  thickness 
of  three-quarters  of  an  inch.  This  contains  as  much  as  100  oz,  of 
gold  per  ton,  and  about  the  same  amount  of  silver.  Outside  of 
this  there  is  occasionally,  though  rarely,  a  fifth  thin  coating  or 
sprinkling  of  crystalline  iron  pyrites. 

Surrounding  all,  especially  in  the  larger  cavities,  but  not  usually 
in  the  smaller  ones,  nearer  the  outer  edges  of  the  ore  body,  kaolin 
is  found.  This  exists,  however,  not  as  a  coating,  but  rather  as 
completing  the  filling  of  the  crevices  between  the  boulders.  The 
fragments  of  rock  which  these  minerals  surround  are  not  neces- 
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sarily  in  close  contact,  nor  do  they  fit  into  one  another  in  any  way  ; 
they  resemble  in  general  disposition  a  loose  pile  of  -svater-worn 
stones  which  have  been  carelessly  thrown  into  a  pit,  and  have 
afterwards  become  coated  with  thin  metalliferous  coverings.  A 
peculiar  fact  regarding  this  deposit,  and  one  which  is  somewhat 
difficult  to  explain,  is  that  the  nuclei  or  barren  fragments  are 
rarely  in  contact  with  one  another,  whilst  the  metalliferous  enve- 
lopes surrounding  them  are  in  immediate  contact.  Thus,  where 
actual  contact  between  the  boidders  themselves  might  be  expected, 
there  are  frequently  found  at  the  point  of  approximate  meeting, 
two  separate  layers  of  ore,  one  belonging  to  each  of  the  contiguous 
nuclei. 

The  only  other  mine  in  the  district  known  to  exhibit  a  con- 
centric arrangement  of  minerals  around  a  barren  nucleus  is  the 
Bull-Domingo,  seven  miles  from  the  Bassick.  But  there  the  ores 
and  country  rock  are  different,  galena  and  spathic  iron  ore  having 
been  deposited  around  a  nucleus  of  syenite,  and  the  ores  containing 
practically  no  gold. 

The  fissure,  which  in  itself  constitutes  one  of  the  peculiarities 
of  the  Bassick  Mine,  is  an  irregular  opening,  nearly  elliptical  in 
horizontal  section,  but  varying  in  width,  its  shorter  diameter 
being  sometimes  as  small  as  twenty  feet,  whilst  the  larger  ap- 
proaches to  one  hundred.  It  has  been  found  that  for  over  eight 
hundred  feet  its  downward  direction  very  closely  approaches  the 
vertical ;  in  horizontal  direction  it  has  no  well-defined  outline. 
There  are  not,  as  in  ordinary  fissures,  any  signs  of  a  wall  of  country 
rock,  and  no  continuations  or  extensions  of  the  ore  body  have  been 
found. 

The  ore  is  richer  towards  the  centre  of  the  body,  the  layers, 
called  "  scales  "  by  the  miners,  being  there  thicker,  and  contain  a 
larger  proportion  of  the  precious  metals  ;  but,  as  the  edge  is  ap- 
proached, it  thins  out  and  gradually  becomes  jioorer,  until  at  last 
it  is  too  poor  to  be  worked  advantageously.  From  the  centre  of 
the  body  outwards,  the  fragments  decrease  in  size  and  the  layers 
of  ore  become  thinner.  Continuing  the  outward  course,  but  with- 
out having  passed  any  particular  line  marking  a  boundary,  a  con- 
glomerate is  reached,  composed  of  small  rounded  pebbles  of  fels- 
patliic  rock  cemented  by  a  hardened  trachytic  paste,  but  containing 
no  ore.  In  the  same  manner,  Avithout  finding  any  defined  boun- 
dary, the  country  rock  is  reached.  This  is  of  the  ordinary  character, 
is  gray  in  colour,  and  is  of  the  same  nature  on  all  sides  of  the  ore 
body. 
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The  oilier  products  of  the  mine,  occurring  in  subordinate  quan- 
tities, are  : — calamine,  silicate  of  zinc,  jamesonite,  tetrahedrite, 
tellurides  of  silver  and  gold,  free  gold,  quartz  and  graphite.  The 
carbonate  of  zinc  and  electric  calamine  are  found  only  amongst  the 
upper  or  oxidised  ores  above  the  water  level,  and  are  doubtless 
the  result  of  the  decomposition  of  blende.  Above  the  water  level 
most  of  the  free  gold  is  found  in  wires  and  other  usual  forms. 
Tetrahedrite  never  occurs  as  a  coating,  but  always  filling  vacancies 
between  the  coated  boulders,  and  is  usually  found  intermingled 
with  quartz.  In  the  same  mass  are  also  tellurides  of  gold  and 
silver. 

The  quartz  in  this  mine  w^ould  appear  to  be  a  residue  from  the 
decomposition  of  silicates  by  impregnating  solutions,  and  is  found, 
like  the  tetrahedrite,  occupying  open  spaces  outside  the  coated 
boulders,  and  never  within  them,  servino-  to  some  extent  as  a 
cement  to  hold  the  mass  together.  This  quartz  is,  for  the  most 
part,  amorphous,  rarely  showingany  traces  of  crystallisation  ;  when 
it  does  so  it  is  amethystine,  but  more  frequently  it  appears  to  have 
been  deposited  in  a  gelatinous  state. 

One  of  the  most  striking  features  of  this  mine  is,  however,  the 
existence  in  it  of  carbonised  wood.  This  is  found  in  cavities 
between  the  coated  boulders,  and  toward  the  outer  edges  of 
the  ore  body,  but  it  is  not  necessarily  adjacent  to  ore.  It  does  not 
often  occur,  but  has  been  found  both  near  the  surface  and  at  great 
depths.  Mr.  Grabill  is  inclined  to  the  opinion  that  this  deposit 
has  been  the  site  of  a  geyser  or  mineral  spring,  carrying  minerals 
in  solution  in  its  "ivaters.  A  more  recent  view  is  that  these  ores 
occupy  the  vent  of  an  old  volcano.^ 

Gilpin  County  is  the  smallest  in  Colorado,  but,  with  the  excep- 
tion of  Lake  County,  has  been  the  most  productive  of  bullion.  Its 
dimensions  are  somewhat  less  than  fifteen  miles  by  twelve,  and  its 
principal  gold  mines  are  situated  in  groups  within  an  area  of  less 
than  sixteen  square  miles.  Mining  was  commenced  in  this  area 
about  1880,  and  during  the  period  between  this  date  and  1882  the 
production  has  been  841,000,000,  of  which  837,500,000  has  been 
gold,  and  S3,.")00,000  silver,  the  wdiole  constituting  more  than 
one-fourth  of  the  entire  bullion  output  of  the  State,  and  nearly 
two-thirds  of  the  gold  produced.  The  geology  of  many  of  the 
mining  districts  is  very  simple,  the  area  being  generally  granitic, 
with  occasional  patches  and  dykes  of  various  eruptive  rocks.  The 
granitic  series  embraces  all  the   forms,  from  true  massive  granite 

'  J.  F.  Kemp,  op.  <-'d.  p.  213. 
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through  the  various  gueissic  rocks,  down  to  highly  stratified 
mica  schist.  The  veins  are  mainly  true  fissures,  having  a 
strike  often  approximately  north-east  and  south-west,  though 
there  are  instances  where  the  strike  is  either  nearly  north  and 
south  or  east  and  west.  Tellurium  and  tellurides  occur  in  the 
ores  of  Boulder  County  and  in  various  other  localities  in  Colorado. 
The  following  figures  give  the  bullion  yields  of  the  principal 
mininw  counties  in  this  State  during  the  vear  1882  : — 

Lake       County  .Sl7,131,853 

Gilpin  „  2,006,516 

Clear  Creek  „  2,001,629 

Summit  „  1,150,000 

Custer  ,,  705,116 

Amongst  the  more  recently  opened  deposits  are  those  of  the 
Red  Mountain  district,  Ouray  County,  the  leading  mines  being  the 
Yankee  Girl  and  the  Guston.^  The  country  rocks  are  principally 
igneous,  consisting  chiefly  of  andesites,  trachytes  and  diorites. 
The  ores  are  confined  to  the  andesite  which  is  more  or  less 
decomposed,  and  they  occur  in  the  form  of  irregular  deposits, 
spoken  of  locally  as  chimneys,  elliptical  in  plan,  and  running  down 
vertically  or  at  varying  angles ;  the  longer  axes  of  the  ellipses 
coincide  with  the  direction  of  a  series  of  fractures  that  traverse 
the  district.  It  would  appear  that  the  andesite  was  decomposed 
by  solutions  that  made  their  way  along  the  planes  of  fracture,  and 
formed  these  deposits,  possibly  metasomatically  at  certain  points ; 
the  andesite  is  impregnated  more  or  less  with  ores  for  a  certain 
distance  round  the  deposits.  The  ores  consist  of  sulphides  and  sul- 
pharsenides  of  lead,  copper,  bismuth  and  silver,  sometimes  very  rich 
in  silver ;  in  the  gangue  rhodonite,  gypsum,  barytes,  kaolin  and 
quartz  mainly  occur.  The  upper  portions  of  the  deposits  gene- 
rally consist  of  oxidised  ores,  chiefly  carbonate,  sulphate  and 
arseniate  of  lead,  oxide  of  iron,  carbonate  of  bismuth,  &c.,  together 
Avith  smaller  proportions  of  the  sulphide  ores ;  this  gossan  is,  as 
is  often  the  case,  much  richer  than  the  sulphide  ore  met  with 
in  depth.     (See  also  Fig.  59,  page  163.) 

A  still  more  recently  developed  district  is  that  of  Cripple  Creek 
in  El  Paso  County.     The  country  consists  of  granite  and  gneiss, 

1  T.    E.    Scliwarz,    "The   Ore   Deposits   of   Red   ^Mountain,    Onray   County, 
•Colorado,"  Trails.  Amer.  In-it.  Miu.  Eu<j.  xviii.  1889,  p.  139. 
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traversed  by  dykes  of  igneous  rocks  of  various  kinds  ;  the  gold 
deposits  seem  to  consist  of  andesitic  breccia  and  tuff,  impregnated 
with  goM,  which  is  sometimes  free,  but  more  often  intimately 
associated  with  sulphides  and  tellurides,  the  latter  being  the  more 
general  mode  of  occurrence.  The  following  is  said  to  be  the 
approximate  output  of  gold  from  Cri2:>ple  Creek  for  the  years  1802 
to  1895  :—  1 

1892 30,000  ounces. 

1893 125,000 

1894 200,000 

1895 400,000 

Assuming  these  figures  to  be  correct,  the  output  of  this  dis- 
trict in  1894  will  have  been  almost  one-half  of  that  of  the  entire 
State,  whilst  the  rapid  increase  in  1895,  already  referred  to,  is  as- 
cribed almost  entirely  to  the  operations  in  this  district.  Whilst 
there  is  at  present  no  authoritative  information  available  from  dis- 
interested quarters,  it  seems  certain  that  immense  bodies  of  low 
grade  sulphuret  ores  have  been  discovered  in  this  district,  which 
will  possibly  play  an  imj)ortant  part  in  the  American  gold  output 
for  some  time  to  come. 

The  production  of  precious  metals  in  Colorado  during  the  tenth 
census  year  was :  gold  $2,699,900,  silver  $16,549,274.  Owing 
to  the  great  fall  since  then  in  the  price  of  silver,  attention  has  been 
devoted  more  exclusively  to  gold  mining,  and  silver  has  been 
neglected.  In  1894-  the  output  was:  fine  gold  461,969  oz.,  value 
$9,549,731,  fine  silver  23,236,025  oz. 

The  production  of  Dakota  is  almost  entirely  derived  from  the 
region  of  the  Black  Hills,  and  in  great  part  from  Lawrence  County. 
Nearly  the  whole  yield  is  obtained  from  gold-bearing  lodes,  the 
gravel  deposits  being  of  very  secondary  importance,  with  the  ex- 
ception of  certain  cement  deposits  that  at  one  time  j'ielded  large 
amounts  of  gold  {see  page  25).  These  cement  deposits  are  especially 
remarkable,  because  they  represent  very  ancient  placers,  occupying 
the  lowest  position  in  the  Potsdam  Sandstone  series  and  lying  upon 
the  eroded  edges  of  Archsean  rocks  ;  this  ancient  placer  is  generally 
supposed  to  have  been  produced  by  the  degradation  of  the  Archaean 

^  Claude  Vautin,  "  Notes  on  the  Cripple  Creek  Gold  Fields,"  Muti)i(j  Journal , 
April  4,  1896. 

-  The  Mineral  Indmtrij,  iii.  1894,  p.  278. 
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rocks  that  contain  the  Homestake  deposits,  which  must,  in  that 
case,  have  been  gold-bearing  in  Archaean  times.^  At  jDresent,  how- 
ever, the  bulk  of  the  gold  is  produced  from  quartz  mines.  The 
gold  quartz,  which  is  of  low  grade,  is  reduced  in  amalg-amating 
mills  of  great  size  and  power,  by  which  a  large  proportion  of  the 
gold  present  in  the  rock  is  extracted.  Silver  ores  were  discovered  in 
Dakota  almost  as  early  as  were  those  containing  gold,  but  the  com- 
parative ease  with  which  the  latter  can  be  worked  led  the  miners 
to  neglect,  to  a  great  extent,  the  ores  of  silver.  The  principal 
group  of  quai'tz  mines  is  that  in  the  Homestake  district,  the 
reputation  of  which  has  long  been  established. 

These  deposits  occupy  an  area  about  G,000  feet  long  and  2,000 
feet  broad,  known  as  the  "  Belt,"  and  occur  in  Archaean  metamor- 
phic  schists,  wdiose  general  strike  is  N  .37°  45  '  W.,  with  a  dip  to 
the  east.  The  deposits  which  appear  to  be  lenticular  in  form,  have 
the  same  strike  as  the  beds  j_but  dip  at  a  rather  flatter  angle, 
namely  about  45".  Mr.  Carpenter  {loc.  cit.)  calls  them  beds,  but 
in  view  of  the  fact,  stated  by  him,  that  their  dips  are  different,  this 
cannot  be  a  strictly  correct  description ;  they  are  probably 
lenticular  veins,  following  nearly  the  direction  of  stratification. 
Whether  their  formation  was  in  any  way  connected  with  the 
felsitic  dykes  that  traverse  the  southern  portion  of  the  belt,  and 
once,  perhaps,  overlay  the  whole  of  it,  is  a  matter  of  conjecture. 
If  this  felsite  is  the  same  rock  as  that  which  once  seems  to  have 
overflowed  the  entire  area,  and  the  remainsof  which  are  found  over- 
lying the  Potsdam  beds  between  Deadwood  and  Black-tail  gulches, 
then  it  is  probable  that  the  auriferous  deposits  were  formed  long 
before  the  outbursts  of  igneous  rock  took  place.  These  deposits 
are  sometimes  of  very  large  size,  having  at  times  exceeded  300  feet 
in  thickness  ;  the  ore  body  in  the  Golden  Star  claim  measures  850 
by  150  feet.  They  all  seem  to  continue  in  depth  as  far  as  they 
have  yet  been  worked.  Besides  quartz,  these  deposits  consist 
largely  of  slates  and  schists  impregnated  Avith  pyrites  ;  indeed  the 
"  Belt "  may  be  described  as  a  zone  of  highly  metamorphosed 
schists,  impregnated  with  auriferous  pyrites  and  traversed  by  veins 
or  bed-like,  more  or  less  lenticular,  masses  of  quartz,  also  carrying 
pyrites  and  gold.  In  .the  Caledonia  claims,  the  ore  body  is  described 
as  a  mass  of  pyritiferous  chloritic  schist  between  a  hanging  wall  of 
phyllite  and  a  foot  wall  of  mica  schist.  Looking  upon  all  these 
deposits  as  a  whole,  they  may  fairly  be  described  as  a  gigantic 

1  F.  B.  Carpenter,  "The  Ore  Deposits  of  the  Black  Hills  of  Dakota,"  Trans. 
Amer.  Imt.  Mlii.  Eiuj.  xvii.  1889,  p.  570. 
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stockwork.     The  following  are  the  results  obtained  in  1887  by  the 
leadinof  mines  : —  ^ 


Tons  crashed. 

Value  of  bullion 
obtained. 

A-\ 

'srage  value 
per  ton. 

Homestake 

',     Highland 

(4oklen  Terra  and  Father  de) 
8met 1 

243,355 
146,013 

216,361 

73,422 

903.407 
410,953 

639,229 

295,81  (> 

3-71 

2-82 

2-02 
4-02 

Totals  . 

679,151 

2,249,405 

3-31 

The  total  value  of  gold  obtained  from  the  "  Belt  "  in  1887  was 
$2,271,341.  Although  the  ore  is  seen  to  be  decidedly  low  grade, 
the  enormous  bodies  of  it  that  exist,  and  the  ease  with  which  it  can 
be  mined,  have  made  gold  mining  on  the  "  Belt "  a  very  j)rofitable 
industry,  although  the  handling  of  very  large  quantities  of  ore  is 
an  indispensable  condition  of  success. 

The  amounts  of  gold  and  silver  produced  in  the  Territory,  as 
reported  by  the  Census  Bureau,  during  the  year  ending  May 
81st,  1880,  was:  gold  $8,035,840,  silver  $70,818.  Of  the  total 
quantity  of  gold  only  $47,700  was  yielded  by  placer  mines.  The 
jDroduction  of  gold  and  silver  in  1881  is  estimated  by  the  Director 
of  the  United  States  Mint  to  have  been  $4,000,000.  In  the 
eleventh  census  year  (1889)  the  production  was :  fine  gold 
149,538  oz.,  value  $8,091,137,  fine  silver  104,672  oz.,  value 
$135,331,  whilst  in  1894^  it  was:  fine  gold  159,594  oz., 
worth  $3,299,100,  and  fine  silver  58,972  oz.  The  gold  pro- 
duction has  thus  remained  exceptionally  steady  over  a  long  period 
of  years. 

Until  comparatively  recently  Montana  was  entirely  isolated 
from  the  Eastern  States  except  by  a  long  and  tiresome  coach 
iourney  in  winter,  or  by  tedious  river  navigation  during  a  few 
months  in  summer.  There  is  now,  however,  railroad  communica- 
tion to  within  seventy  miles  of  Helena,  connection  being  made 
over  the  Utah  and  Northern  with  the  Union  and  Central  Pacific 
roads  at  Ogden.     Owing  to  want  of  facilities  for  transport,  &c., 

1  H.  0.  Hofman,  "Gold  Milling  in  the  Black  Hills,"'  Trcms.  Amer.  Inst.  Min. 
Eu/j.  xvii.  1889,  p.  498. 

-  The  Mineral  I)idi(«tri/,  iii.  1894,  p.  278. 
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the  miuino-  regions  of  Montana  were  for  a  long  time  but  little 
known  to  the  outside  world,  and  foreign  capital  did  not 
readily  find  its  way  into  the  country.  Some  thirty  years  ago 
the  richest  placer  mines  known  were  worked  in  this  State,  but  until 
recently  quartz  mining  was  prosecuted  only  in  a  desultory  and 
an  unscientific  manner. 

In  addition  to  gold,  silver  and  lead,  the  copper  ore  sent  forward 
from  the  numerous  mines  of  Montana  forms  a  very  considerable 
item  in  the  metal  markets  of  the  world,  and  its  importance  some- 
w'hat  overshadows  that  of  the  precious  metals,  which — more 
especially  silver — are  largely  got  in  connection  with  the  copper. 
In  the  neighbourhood  of  Butte  City  there  are  several  well-marked 
silver  belts,  which  seem  to  have  been  developed  along  lines  of 
fissures  in  granite,  perhaps  by  metasomatic  interchange, 
and  to  be  possibly  connected  in  some  way  with  the  dykes  of 
eruptive  rock  that  traverse  the  granite ;  the  valuable  minerals  are 
argentiferous  galena,  zinc  blende  and  tetrahedrite,  gold  being  also 
in  places  associated  with  the  silver-bearing  minerals.  Ores  of 
manganese  appear  constantly  to  accompany  those  of  silver.  In 
the  southern  part  of  the  State  there  are  also  deposits  of  a  more 
usual  type  of  argentiferous  galena  and  zinc  blende  in  limestone. 
The  production  of  gold  and  silver  in  the  State  during  the  year 
ending  May  31st,  1880,  was,  of  the  former  metal  81,805,768,  and 
of  the  latter  S2,905,066.  In  1894  ^  Montana  produced  176,637 
oz.  of  fine  gold,  worth  83,651,410,  and  12,820,081  oz.  of  fine 
silver,  being  thus  second  on  the  list  of  silver  producers  in  the 
Union,  and  third  amongst  the  producers  of  gold.  With  respect  to 
the  latter  metal  it  seems  to  occupy  a  similar  position  in  1895, 
although  its  estimated  production,  S4,400,000,  is  far  below  that 
of  Colorado. 

The  most  important  mineral-producing  portion  of  New  Mexico 
hitherto  explored  is  Grant  County,  situated  in  the  extreme  south- 
western extremity  of  the  Territory.  The  first  discovery  of  gold 
made  was  in  1859  near  Pinos  Altos.  These  placers  are  represented 
to  have  been  for  some  time  very  rich,  and  washing  upon  a  small 
scale  is  still  carried  on,  but  principally  by  Mexicans.  In  addition 
to  placer  mining,  much  work  has  been  done  upon  lodes  in  the  con- 
tiguous mountains.  The  amount  of  gold  produced  in  this  district 
in  1881  was  approximately  825,000,  about  equally  divided  between 
the  placer  and  the  quartz  mines.  Numerous  silver  mines  have  for 
many  years  been  worked,  intermittently,  in  the  vicinity  of  Silver 
1   Tht  Mui<:rfi1  Imhij'try,  iii.  1894,  j).  27N. 
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City,  and  have,  in  the  aggregate,  produced  considerable  quantities 
of  bullion  ;  silver  mining  is  not,  however,  so  actively  carried  on  in 
the  district  as  it  appears  to  have  been  at  one  time.  The  mines  in 
the  Georgetown  district  are  reported  to  be  rich  in  ores  of  medium 
grade,  and  will  be  worked  as  soon  as  the  cost  of  working  minerals 
of  that  class  shall  have  been  sufficiently  reduced  to  admit  of  their 
profitable  treatment.  Some  other  jDortions  of  the  county  hitherto 
imperfectly  prospected  must  await  the  period  when  exploration 
in  distant  portions  of  the  Territory  shall  have  become  a  less 
difficult  pursuit   than  it  now  is. 

In  addition  to  Grant  County  one  or  both  of  the  j^recious  metals 
have  been  produced  in  Doiia  Ana,  Socorro,  Santa  Fe,  and  Colfax 
counties,  and  more  recently  in  Sierra  County,  wdiich  now  ranks 
next  to  Grant  County.  The  annexed  table  shows  the  output  of 
gold  and  silver  in  New  Mexico : — 

Bullion-  Pkoductiox  of  New  Mexico. 


;    ^^%.    jDux-ingtheyea. 

1       toissi.       j         1^®^- 

During  the  year 
1S89. 

During  the  year 
1894. 

Gold 10,85(1,001)     1       185,000 

Silver       ....  1       8,622,  (KM)     i       275,(J(K» 

81.5,655 
1,617,578 

567,751 
398,275 

Totals    .     .     .  '     13,972,000           460,000 

i. 

2,433,233 

966,026 

Although  Wyoming  is  surrounded  on  three  of  its  sides  by  im- 
portant mining  regions,  there  are  but  few  developed  mines  within 
its  boundaries.  As  far  as  can  be  ascertained,  the  actual  production 
of  gold  during  the  tenth  census  year  was  confined  to  Sweet- 
water County,  Avhich  yielded  gold  to  the  value  of  about  $17,320. 
During  the  eleventh  census  year,  711  oz.,  valued  at  $14,512, 
were  produced  in  the  counties  of  Albany  and  Fremont.  In  1894 
the  production  was  said  not  to  be  obtainable ;  it  was  certainly 
small,  chiefly  from  placer  mining  and  a  few  small  quartz  mines. 

The  total  jDroduction  of  bullion  in  the  division  of  the  Rocky 
Mountains  during  the  year  ending  May  31st,  1880,  was :  gold 
87,878,189,  silver  $19,917,490.  It  may  be  estimated  for  1894  as 
very  approximately  :   gold  $17,084,500,  silver  $23,151,000. 

Eastern  Division. — This  group,  which  comprehends  Virginia, 
North    Carolina,  South  Carolina,   Georgia,  Alabama,  Tennessee, 
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Maine,  Micliigau  and  New  Hampshire,  although  the  oldest, 
is  the  least  productive  of  the  three  divisions.^  The  first  notice 
of  the  discovery  of  gold  in  the  Southern  States  occurs  in 
Jefferson's  Notes  on  Virginia,  in  which  it  is  stated  that  a  lump  of 
that  metal  weighing  iTdwt.had  been  found  near  the  Rappahannock ; 
and  Dayton,  in  his  Vieiv  of  SovJh  Carolina,  published  in  1802, 
mentions  the  finding  of  a  small  piece  of  gold  on  Paris's  Mountain. 
In  1799  gold  was  found  in  Cabarrus  County,  North  Carolina,  and 
placer  washings  upon  a  small  scale  were  carried  on  both  there  and 
in  Montgomery  County  for  several  years.  These  operations,  which 
were  entirely  restricted  to  the  washing  of  sands  and  gravels, 
yielded  in  addition  to  gold-dust,  several  nuggets  of  considerable 
size,  one  of  which,  found  in  Cabarrus  County,  weighed  28  lbs. 
avoirdupois. 

The  first  United  States  gold  was  coined  at  the  Mint  in  1825, 
and  from  that  time  up  to  1830  four-fifths  of  the  gold  coined  in 
the  country  was  of  native  production.  From  1804  to  1827  North 
Carolina  furnished  the  whole  of  the  gold  produced  in  the  United 
States,  amounting  to  about  $110,000,  but  in  1829  Virginia  con- 
tributed $2,-500,  and  in  the  same  year  South  Carolina  yielded 
S3,500.  In  1830  Georgia  made  its  first  deposit  of  gold  at  the 
Mint,  amounting  to  $212,000.  Previous  to  182.5  all  the  gold  of 
North  Carolina  had  been  obtained  from  shallow  washings,  but  in 
that  year  auriferous  veinstone,  containing  a  large  amount  of  gold, 
was  discovered  in  situ,  and  this  had  the  effect  of  turning  attention 
from  "  gravel  mines  "  to  "  vein  mines." 

The  Appalachian  Chain  takes  its  origin  in  Canada,  south-east  of 
the  St.  Lawrence,  and  forms  a  series  of  mountain  ridges  extending 
in  a  south-westerl}'  direction  into  Alabama.  Its  Avidth,  which  is 
very  variable,  is  greatest  nearest  its  centre,  gradually  diminishing 
towards  the  ends.  It  is  divided  into  a  number  of  parallel  ridges, 
and  has  a  total  length  of  some  1,800  miles.  Along  the  south- 
eastern edge  of  this  series  of  parallel  mountain  chains,  lies  an 
undulating  range  of  elevations  known  by  different  names  in  the 
various  States  through  which  they  pass.  In  Vermont  they  are 
known  as  the  Green  Mountains,  in  New  York  they  are  called  the 
Highlands,  in  Pennsylvania  the  South  Mountains,  in  Virginia  the 
Blue  Ridge,  and  in  North  Carolina  the  Smoky  Mountains.  This 
belt,  which  is  composed  of  metamorphosed  rocks  of  Lower  Palaeozoic 

1  J.  D.  Whitney,  MetalUr  Wealth  of  the  United  State.%  1854,  pp.  114-134; 
W.  .J.  Henwood,  MttalUferous  Dejjosits,  Penzance,  1871,  pp.  371-384;  E.  Motz 
and  T.  M.  Ciiatard,  The  Breinr  Gold  Mine,  New  York,  188U. 
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ase,  varies  from  ten  to  fifteen  miles  in  width,  and  contains  few 
distinguishable  fossils.  Immediately  to  the  south  of  this  lies  the 
auriferous  belt,  running  nearly  parallel  to  the  Blue  Ridge  and 
apparently  of  the  same  geological  age.  In  Virginia  the  central 
axis  of  this  band  has  a  direction  of  N.  32°  E.,  but  still  further  north 
it  follows  a  line  more  nearly  approaching  east  and  west.  Its  width, 
where  most  developed,  on  the  borders  of  Nortli  and  South  Carolina, 
does  not  exceed  seventy  miles. 

Beyond  Maryland  the  auriferous  belt  is  no  longer  continuous, 
detached  patches  only  being,  from  time  to  time,  met  with  until 
Canada  is  reached,  where  there  is  a  considerable  area  containing 
gold.  The  rocks  throughout  the  whole  of  the  auriferous  belt  closely 
resemble  one  another,  and  consist  of  schists  of  almost  every  variety 
alternating  with  bands  of  granite  and  syenite.  The  predominating 
rock  is  a  talcose  schist  sometimes  passing  into  the  chloritic  and 
argillaceous  varieties.  The  talcose  schists  which  predominate  in 
the  gold-mining  districts  of  Virginia  have  usually  a  reddish  colour, 
are  often  fissile,  and  have  a  general  strike  of  about  30°  N.  of  E.  For 
the  most  part  the  lamime  of  these  rocks  are  almost  vertical,  and 
enclose  bed -like  veins  of  quartz,  together  wdth  masses  of  granite, 
syenite  and  protogine.  The  gold  almost  invariably  occurs  in  quartz, 
which,  near  the  surface,  is  cellular,  and  stained  either  red  or  brown 
by  the  oxidation  and  removal  of  iron  pyrites,  with  which  the  precious 
metal  is  often  associated.  In  the  immediate  proximity  of  the  gold- 
bearing  beds,  which  strictly  conform  to  the  schistose  structure  of 
the  enclosing  rocks,  the  schists  frequently  assume  a  thick  lamellar 
aspect,  although  in  other  situations  they  are  usually  more  fissile. 
The  ore-bearing  deposits  are,  for  the  most  part,  composed  of  an 
intimate  mixture  of  quartz  and  slate,  in  which  are  sometimes 
embedded  distinct  and  well-defined  masses  of  either  the  one  or  the 
other.  Angular  and  vein-like  bodies  of  translucent  or  milk-white 
quartz,  surrounded  by  a  coating  of  brown  or  red  iron  ore,  are  also- 
occasionally  met  with.  Small  quantities  of  auriferous  iron  pyrites, 
magnetite  and  yellow  copper  ore,  together  with  a  little  free  gold, 
are  irregularly  disseminated  through  layers  of  more  or  less  fer- 
ruginous quartz,  and  still  more  sparingly  through  the  adjoining- 
slaty  rocks. 

One  of  the  most  remarkable  auriferous  deposits  of  the  States 
on  the  Atlantic  sea-board  is  that  known  as  the  Brewer  Gold  Mine, 
situated  on  Lynch  River,  Chesterfield  County,  South  Carolina. 
The  mode  of  occurrence  of  the  precious  metal  in  this  locality  will 
be  understood  on  referring  to  the  accompanying  transverse  section, 
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Fig.  120,  reduced  from  a  drawing  by  Professor  Lieber.i  In  this 
section,  which  represents  a  length  of  about  three  miles,  a  is  a  dyke 
of  coarse-grained  granite,  south  of  whicli  is  a  band  of  trachyte,?^, 
abutting  against  the  talcose  slates,  c,  which  contain  three  distinct 
and  parallel  bands  of  lenticular  deposits,  d,  as  well  as  some  small 
branches  of  barren  white  quartz  ;  e.  is  clay  seen  at  the  Slate  Ford 
while  at  /  is  the  auriferous  detrital  deposit  known  as  the  Old 
Tanyard.  Of  these  three  groups  of  lenticular  veins  the  two 
northern  ones  only  have  been  worked,  the  third  remaining  almost 
in  its  original  condition. 

The  direction  of  these  veins  exactly  corresponds  both  in  strike 
and  dip  with  the  bedding  of  the  enclosing  slaty  rocks,  and  their 
breadth  varies  from  twenty  to  fifty  feet.  These  lenticules  consist 
of  a  blue  hornstone  which  is  seldom  found  in  an  undecomposed 
condition,  and  is  never  met  with  in  a  fresh  state  except  in  the 
centre  of  the  masses   constituting  the   deposits.     The  hornstone 
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d 
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Fig.  120.— The  Brewer  Gold  Mine  ;  .section. 


contains  finely  disseminated  iron  pyrites  and  yellow  copper 
ore,  by  the  decomposition  of  the  former  of  which  the  disin- 
tegration of  the  mass  would  appear  to  have  been  chiefly  effected  ; 
enargite  and  cassiterite  are  also  present  in  subordinate  quantities. 
The  whole  of  the  hornstone  of  the  lenticular  masses  at  the  Brewer 
Mine  is  auriferous,  but  is  traversed  in  every  direction  by  veins  of 
white  quartz  containing  no  gold. 

The  Tanyard,  where  the  first  gold  was  discovered,  is  an 
extensive  detrital  deposit,  lying  in  a  valley,  and  evidently 
resulting  from  the  disintegration  and  removal  by  water  of  the 
auriferous  lenticules  on  either  side.  A  shaft  and  a  tunnel,  which, 
according  to  tradition,  were  made  previous  to  the  War  of  Indepen- 
dence, are  still  visible,  but  the  presence  of  workable  gold  in  this 
locality  appears  to  have  been  first  made  known  by  Brewer,  who 
discovered  it  at  the  Tanyard  in  the  year  1828. 

For  many  years  these  disintegrated  gravels  were  leased  in  plots, 
each  usually  twelve  feet  square,  which  the  lessees  worked  when  and 

1  Biporf  on  the  Survey  of  South  Carolina,  1858,  p.  6.3. 
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in  what  way  they  thought  proper,  paying  to  the  proprietor  of  the 
soil  a  royalty  of  one-fourth  of  the  gold  extracted.  The  ill-directed 
labour  thus  expended  w^as  for  a  long  time  remunerative  to  all 
parties,  but  the  disadvantages  arising  from  such  an  entire  lack  of 
system  at  length  became  so  great  that,  some  fifteen  or  tw^enty  years 
ago,  the  property  was  for  the  first  time  worked  as  a  whole  by  the 
hydraulic  system.  The  discovery  of  tin  ore  in  the  sluice-boxes  of 
this  mine  is  interesting  rather  on  account  of  the  peculiarity  of  its 
occurrence  than  for  its  commercial  value.  The  crystals  of  this 
mineral  are  often  well  formed,  and  are  not  unfrequently  studded  with 
•crystalline  particles  of  gold. 

According  to  the  report  of  the  Director  of  the  United  States 
Mint,  South  Carolina  suffered  in  1881  from  a  drought,  which 
materially  interfered  with  gold  mining  generally.  The  Brewer 
Mine  fully  answered  expectations  and  would  have  produced  rom 
$25,000  to  830,000  during  the  year,  had  not  the  lack  of  water,  in 
the  month  of  August  and  subsequently,  brought  the  work  almost 
■entirely  to  a  standstill. 

A  typical  and  an  important  South  Carolina  mine  is  the  Haile 
Mine,  in  Lancaster  County,  well-known  as  being  one  of  the  first  at 
which  barrel  chlorination  of  gold  ores  was  successfully  practised. 
The  country  rock  here  is  talcose  slate,^  striking  between  N.E.  and 
E.N.E.,  and  dipping  from  55'  to  85^  to  the  N.W.  These  slates 
are  traversed  by  numerous  diabase  dykes,  cutting  across  the  forma- 
tion without  apparently  dislocating  the  strata.  For  a  considerable 
distance  from  the  planes  of  contact,  the  slates  have  been  very 
completely  metamorphosed,  and  the  altered  zones  impregnated 
with  auriferous  pyrites,  which  mineral  sometimes  forms  layers  four 
to  six  inches  thick  along  the  surfaces  of  contact.  These  impregnated 
slates  are  the  objects  of  the  mining  operations,  one  wall  of  the 
■deposit  being  formed  by  the  dyke,  whilst  the  other  is  really  non- 
existent, the  rock  being  mined  just  as  far  as  it  contains  payable 
gold.  The  rock  thus  mined  for  treatment  averages  from  7  to  9  per 
cent,  of  pyrites,  and  assays  about  84"50  ^  per  ton,  of  which  about 
S1'50  is  free  gold,  and  the  remainder  contained  in  the  pyrites,  the 
latter  assaying  $25  to  $35  per  ton.  The  Haile  Mine  was  treating 
about  80  tons  a  day  in  1890.  There  are  several  other  similar  mines 
in  this  region,  e.g.,  the  Bumalo  and  Chase  Hill  mines,  close  to  the 

^  A.  Thies  and  A.  Mezger,  "The  (reologyof  the  Haile  Mine,  South  Carolina," 
Trans.  Amer.  Inst.  Min.  Eng.  xix.  1890,  p.  595. 

-  A.  Thies  and  W.  B.  Phiilip.s,  "  The  Thies  Process  at  the  Haile  Gold  Mine," 
Trans.  Amer.  Inst.  Min.  Eng.  xix.  1S9U,  p.  601. 


PART  II  THE    UNITED    STATES  Tsa 

• 

Haile,  the  Phoenix  Mine  in  Cabarras  County,  &c.  In  some  respects 
these  deposits  are  comparable  with  those  of  Witwatersand,  South 
Africa,  but  they  are  not  characterised  by  the  uniformity  that  is 
noticeable  in  the  latter.  In  South  Carolina  the  effect  of  the 
diabase  dykes  in  enriching  the  strata  which  they  traverse  is  very 
evident,  but  the  mode  in  which  this  enrichment  has  acted  is  not 
so  clear ;  obviously  it  may  be  either  mechanical  or  chemical,  or 
both.  The  position  which  this  deposit  should  occupy  in  a  system 
of  classification  is  difficult  to  fix  ;  it  might  be  assigned  to  any  one 
of  several  classes;  morphologically  it  presents  most  analogies  with 
a  stockwork,  genetically  Avith  the  last  class  of  symphytic  deposits. 
This  is,  however,  a  matter  of  minor  importance  ;  we  must  expect 
to  find  deposits  that  occupy  positions  intermediate  between  the 
various  classes  in  any  system  of  classification  that  may  be  adopted. 
The  output  of  gold  in  Carolina  for  1804^  was  as  follows  : — 

North  Carolina     .     .     .     2,'254  oz.  tine  gold,  value  $46,594 
South  Carolina     ...     4,733  ,,  ,,  ,,       97,839 

Total  V $6,987  $144,433 

According  to  official  statistics  the  production  of  the  gold-fields 
of  the  eastern  division  of  the  United  States  amounted,  during  the 
year  ending  May  31st,  1880,  to  only  $239,646  ;  for  the  eleventh 
census  year  (1889)  it  was  approximately  $410,000. 

The  silver  production  of  the  Appalachian  range,  that  is  to  say 
of  the  States  of  Alabama,  Georgia,  Maryland,  North  and  South 
Carolina  and  Virginia  is  given  for  the  year  1889  as  $4,688,  out  of 
which  North  Carolina  contributes  no  less  than  $3,879.  The  gold 
production  of  this  range  was,  according  to  the  census  authorities, 
$322,949,    Expressed  in  ounces  these  figures  would  be  as  follows  : — 

Gold 15,624  ounces. 

Silver 3,626       „ 

Total  bullion    .     .     .     19,250 

The  silver  forms  accordingly  18*8  per  cent,  of  the  total  bullion  pro- 
duction, and  is  therefore  probably  derived  entirely  from  the  refining 
of  the  bullion  produced  by  the  gold  mines,  there  being  apparently 
no  record  of  any  silver  mines,  properly  so-called,  in  this  region. 

The  total  production  of  each  State  and  Territory,  including  the 
yield  of  the  deep  mines  from  ore  raised  prior  to,  but  reduced 
during,  the  tenth  census  year,  and  also  the  silver  contents  of  placer 
gold,  is  given  in  the  following  table  : — 

1   The  Mineral  Industry,  iii.  1894,  p.  27S. 
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Table  showing  the  Weight  and  Value  of  the  Precious  Metals  Produced 
IN  the  United  States  during  the  Tenth  Census  Year  ending 
May  31st,  1880. 


Pacific  Division. 

State  or  Territorj-. 

Production. 

I 
Total  Value. 

Gold. 

Silver. 

Alaska     . 
Arizona    . 
California 
Idaho .     . 
Nevada    . 
Oregon     . 
Utah  .     . 
Washington 

Oz. 

288 

10,2.54 

829,676 

71.578 

236,468 

53,101 

14,106 

6,569 

Oz. 

39 

1,798,921 

890,159 

3.59,309 

9,614,-562 

21,497 

.3,668,564 

788 

6,002 

2,.537,792 

18,.301,840 

1,944,205 

17,318,913 

1,125,493 

5,034,645 

136,819 

£         «. 

1,200     8 

507,558     8 

3,660,.368     0 

388,841     0 

3,463,782  12 

225,098  12 

1,006,929     0 

27,363  16 

Totals   •     •     •         1,222,040 

16,353,839 

46,405,709 

9,281,141   16 

Division  of  the  Rorky  Mountains.                                            1 

Coloiado .     . 
Dakota    .     .     . 
Montana . 
New  Mexico 
Wyoming     .     . 

130,608 

159,920 

87,354 

2,387 

838 

12,800,119 

.54,770 

2,246,939 

303,455 

19,249,174 

3,376,659 

4,710,834 

441,691 

17,321 

3,849,834  16 

675,331  16 

942,166  16 

88,338     4 

3,464     4 

Totals  .     .     . 

.3S  1,107 

15,405,283 

27,795,679 

5,559,135  16 

Eastern  Division. 

Alabama . 
Georgia    .     .     . 
Maine 
Michigan 
New  Hampshire 
North  Carolina 
South  Carolina 
Tennessee     . 
Virginia  . 

63 

3,920 

145 

532 

5,755 

631 

97 
451 

257 

5,. 569 

2t),t)(i() 

12,375 

108 

43 

1,300 

81,362 

10,200 

25,8,58 

27,000 

119,095 

13,097 

1,998 

9,322 

260    0 

16,272    S 

2.040     0 

5,171   12 

5,400     0 

2.3,819     0 

2,619     S 

399  12 

1,864     8 

Totals   .     .     . 

11,594             38,352 

289,232               57,846    8  ; 

Sumnmry. 

Pacific  Division     .!      1,222,040 
Division     of     the\           „o,  ,„_ 
Rocky  Mountains/           ^si,^^/ 
Eastern  Division  .              11,594 

16,.3.53,8.39 

15,405,283 

38,352 

46,4t  15.709 

27,795.679 

289,232 

9,281,141   16 

5,559,135  16 

57,846    8 

Totals   .     .     .          1,614,741 

31,797,474 

74,490,620         14,898,124     0 

i 
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The  following  table  shows  the  outputs  of  the  United  States  for 
the  eleventh  census  year,  1880,^  and  for  189-i  : — - 

Table  showinc;  the  Weight  and  Value  of  the  Precious  Metals  Produced 
IX  the  United  States  during  the  Years  1889  and  1894. 


states  and 
Territories. 

1S89.          '                      ' 

1S94. 

Gold. 

Silver. 

• 

Gold. 

Silver.              ; 

1 

Fine. 

Fine. 

S 

Fine.            <. 
Oz.              ^ 

Fine. 

Oz. 

$ 

Oz. 

Oz. 

Alabama    .    .    . 

123 

2,539 

H^ 

100 

_ 

_ 

Alaska  .... 

43,76-2 

904,650 

9,219 

11,918 

53,868    1,113,550 

22,261 

14,024  1 

Arizona     .    .    . 

44.li-2'.i 

910.174 

1,812,961 

2,343,977 

96,313    1,990,966 

1,539,453 

969,855  1 

California     .    . 

(.)"S,ss2 

12,586,722 

1,062,-578 

1,373,807 

673,707  13.023,282 

471,955 

297,332 

Colorado   .   .    . 

isv.sb;i 

3,883,850 

18,375,551 

23,757,751 

461,969    9,549,731 

23,236,025 

14,638,696 

Georgia     .   .   . 

.0,204 

107,605 

359 

464 

4,728         97,736 

325 

205  1 

Idaho     .... 

95,083 

1,984,150 

3,137,508 

4,056,482 ! 

100,682 

2,081,281 

3,288,548 

2,071,785 

Maryland  .   .    . 

501 

10,369 

— 

— 

— 

— 

— 

— 

Michigan  .    .   . 

4,210 

87,040 

14,607 

18,885 

2,150 

44,444 

35,122 

22,127 

Montana  .   .   . 

151,861 

3,1.39,327 

13,511,455 

17,468,960 

176,637 

.3,651,410 

12,820,081 

8.076,651 

Nevada  .... 

169,617 

3,506,295 

4,696,605 

6,072,241 

55,042 

1,137,819 

1,035,151 

652,145 

New  Mexico    . 

30,4-57 

815,655 

1,251,124 

1,617,578  , 

27,465 

567,751 

632,183 

398,275 

Nortli  Carolina 

7,077 

146,795 

3,000 

3,879 

2,254 

46,594 

352 

222 

Oregon    .... 

46,648 

964,309 

17,851 

23,382 

68,792 

1,422,056 

26,171 

16,488 

South  Carolina 

2,266 

46,853 

179 

232 

4,7.33 

97,839 

305 

192 

South  Dakota  . 

149,.")33 

3,091,137 

104,672 

13-5,331 

159,594 

3,299,100 

58,973 

37,153  1 

Texas     .... 

330 

6,828 

323,438 

418,173 

— 

— 

429,314 

270,468  1 

Utah      .... 

23,591 

487,666 

7,005,193 

9,057,014 

41,991 

868,031 

5,891,901 

3,711,898  1 

Virginia     .    .   . 

198 

4,100 

10 

13 

— 

— 

— 

— 

Washington     . 

9,005 

186,150 

28,464 

36,801 

9,438 

195,100 

113,160 

71,290 

Wyoming  .   .   . 

711 

14,-512 

— 

—        1 

• — 

— 

— 

— 

Other  States   . 

— 

— 

— 

— 

1,495'        .30,903,              182 

115! 

1 

Totals    .... 

1,.500,869 

32,886,744 

51,354,851 

66,396,988 

i 
1,940,858  40,117,593  49,601,462 

31,248,921 

For  1895,  the  gold  output  of  the  United  States  is  stated 
approximately  at  .S53.114,o(KJ. 

Quicksilver. 

The  production  of  quicksilver  in  the  United  States  is  jDrac- 
tically  confined  to  California.  A  few  flasks  are  at  times 
produced  in  Oregon,  and  ores  of  mercury  are  found  in  Utah 
and  a  few  other  States,  but  none  of  these  deposits  have  any 
importance  at  all,  especially  wdien  compared  with  those  of 
■California. 

The  quicksilver-bearing  belt  of  California-^  extends  over  a 
•distance,  in  a  general  north  and  south  direction,  of  about  three 
hundred  miles,  and  is  occupied  by  massive  beds  of  slate  accom- 

1  Eleventh  Ceimisofthe  United  States,  '-Mineral  Industrie.?,"'  1S90,  p.  .59. 
-  The  Mineral  Indmtry  for  1894,  p.  278. 

'  R.  W.  Ravniond,  Statistirs  of  Mines  and  Minimj,  1874,  p.  379  ;  /'*/'/.  187.5, 
p.  13. 
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panied  by  gabbros,  or  by  calcareous  and  siliceous  beds,  and  is 
broken  through  and  not  unfrequently  capped  by  eruptive  rocks. 
Wherever  they  come  to  the  surface,  these  slates  are  found  to  be 
generally  more  or  less  impregnated  with  mercury,  either  in  the 
form  of  cinnabar,  or  in  the  native  state.  Selenide  of  mercury  is  also 
occasionally  found.  These  slates  extend  from  San  Luis  Obispo  to* 
the  north  of  Sonoma,  and  re-appear  in  Trinity  County.  Accom- 
panying them,  on  the  south,  are  calcareous  and  magnesian  rocks  of 
various  aoes,  Avhilst  at  the  north,  and  towards  the  centre,  are  sand- 
stones  and  serpentines.  Throughout  this  band,  which  is  sometimes 
above  half  a  mile  in  width,  quicksilver  ores  occur  as  impregnations 
in  the  calcareous  and  siliceous  rocks,  and  as  beds  or  deposits  in  the 
slates.  The  distinction  between  impregnations  and  beds  is  not, 
however,  always  well-defined,  since  many  of  them  might,  apparently^ 
be  the  result  either  of  sublimation  or  of  infiltration.  Mercury  has 
been  worked  as  far  south  as  the  County  of  San  Luis  Obispo^ 
where  the  most  massive  ore  is  found  in  compact  talcose  slate, 
hornstone,  and  greenstone.  The  cinnabar  is  accompanied  by  much 
iron  pyrites,  and  is  distinctly  crystalline. 

The  New  Almaden  Mines,  in  Santa  Clara  County,  are  worked 
upon  a  number  of  deposits  enclosed,  chiefly,  in  a  belt  of  altered 
slates,  with  lenticular  masses  of  serpentine  lying  on  either  side. 
These  slates  belong  to  the  Neocomian  age,  but  in  California 
the  occurrence  of  cinnabar  is  not  confined  to  any  particular  geo- 
logical horizon. 

A  rhyolite  dyke  ^  runs  nearly  parallel  to  the  line  connecting 
the  New  Almaden  and  the  Guadalupe  deposits,  and  appears  to 
have  had  an  important  genetic  relationship  with  the  ore  deposits, 
which  generally  run  parallel  to  it.  The  age  of  this  dyke  is  com- 
paratively recent  (?  Post-pliocene)  and  the  deposition  of  the 
cinnabar  would  seem  to  have  taken  place  at  no  great  interval 
after  the  eruption  of  the  rhyolite.  The  commonest  type  of  the 
ore  deposits  is  a  stockwork,  or  mass  of  rock  that  has  been  im- 
pregnated by  particles  and  traversed  by  veinlets  of  cinnabar. 
The  rock  thus  altered  shows  clear  evidence  of  faulting  and 
shattering ;  layers  of  clay  produced  by  attrition  of  the  rocks- 
are  often  found  on  the  hanging  walls  of  the  deposits  and  are 
called  altas  by  the  miners.  These  clays  are  not  permeable 
to  the  solutions  which  would  readily  penetrate  the  shattered 
rock  and  they  thus  limit  the  formation  of  the  deposits.  Well 
marked  slickensides  are  plentiful.     The  various  ore  bodies  follow 

1  Eleventh  Census  of  the  United  States,  1S90,  p.  208. 
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the  direction  of  two  main  fissures,  running  south-east  and  north- 
west, parallel  to  the  rhy elite  dyke,  and  in  these  the  ore  bodies 
form  well-marked  chutes,  which  have  been  followed  down  to 
a  depth  of  over  2,000  feet.  Several  subordinate  deposits,  such 
as  the  Cora  Blanca,  Washington  and  Enriquita,  have  no  direct 
connection  with  those  of  the  main  line.  The  last-named  presents  a 
series  of  irregular  bodies  and  seams  of  cinnabar  occurring  through 
a  space  some  500  feet  long  and  60  feet  wide,  in  siliceous  lime- 
stone enclosed  on  either  side  in  serpentine. 

The  New  Idria  Mines,  in  Fresno  County,  consist  of  a  number 
of  workinos  distributed  alono-  a  course  some  three  miles  in 
extent  between  San  Carlos  and  New  Idria  proper.  At  the  San 
Carlos  workings  the  rock  is  a  whitish  granular  sandstone,  some- 
times in  its  original  condition,  but,  more  frequently,  to  some 
extent  metamorphosed,  through  which  the  cinnabar  is  irregularly 
diffused  without  any  apparent  system  or  order.  At  the  Aurora, 
lying  between  the  San  Carlos  and  the  New  Idria  Mines,  the  rock 
is  hard  and  siliceous,  frequently  coloured  by  iron,  and  containing 
occasional  specks  of  cinnabar.  At  New  Idria  proper  the  rocks 
are  exceedingly  varied,  but  consist  chiefly  of  sandstones  and  slates 
in  different  stages  of  metamorphism.  Ixi  one  of  the  main  tunnels 
of  this  mine  the  rock  is  a  dark,  somewhat  bituminous  slate,  much 
fractured,  exhibiting  numerous  slickensides,  and  so  disturbed  that 
it  is  impossible  to  determine  either  its  average  dip  or  direction. 
In  other  parts  of  the  excavations  the  rock  is  very  siliceous  and  is 
broken  into  a  sort  of  breccia,  cemented  by  the  cinnabar,  which  fills 
the  spaces  between  the  fragments. 

At  p.  115, 1  (J.  A.  P.)  have  mentioned  the  occurrence  of  cinnabar 
and  sulphur  at  the  Sulphur  Bank,  in  Lake  County,  California, 
which  I  visited  in  the  year  18G6.  At  that  time  the  deposit  was 
worked  exclusively  for  sulphur,  but  it  has  since  been  successfully 
opened  as  a  quicksilver  mine.  Believing  that  additional  light 
on  so  interesting  a  subject  would  be  welcomed  by  the  scientific 
world,  Messrs.  Le  Conte  and  Rising,  of  the  University  of  Cali- 
fornia, made  repeated  visits  to  this  mine  during  the  years  1877, 
1878,  1879,  1880  and  1881,  and  have  published  the  results  of 
their  observations,  made  down  to  a  considerable  depth  below 
the  volcanic  capping,  to  which  my  examination  was  necessarily 
confined.^ 

1  Joseph  La  Conte,  and  W.  B.  Rising,  "The  Phenomena  of  Metalliferous 
Vein-foi'mation  now  in  progress  at  Sulphur  Bank,  California,"  American  Journal 
of  Science,  xxiv.  1882,  p.  2'?>. 
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At  the  time  of  their  earlier  visits,  namely  from  1877  to  1880, 
the  underlying  country  rock  could  be  reached  and  examined  in 
only  one  excavation,  known  as  the  "  Waggon-Spring  Cut,"  but  in 
the  summer  of  1881  they  had  an  opportunity  of  examining  the 
stratified  rocks  underlying  the  lava  to  a  depth  of  2G0  feet.  Since 
their  previous  visit  a  shaft  had  also  been  sunk  some  distance  to 
the  south  of  the  Waggon-Spring  Cut,  about  150  feet  outside 
the  limits  of  the  lava-flow,  with  the  intention  of  reaching  the  ore 
body  by  means  of  drifts,  the  uppermost  of  which  had  been  driven 
for  a  distance  of  150  feet.  Mr.  W.  Jackson,  of  San  Francisco, 
Avho  examined  the  volcanic  rock,  determined  it  to  be  an  augite- 
andesite.  The  stratified  rocks  in  its  vicinity,  where  not  concealed 
from  view  by  a  capping  of  lava,  consist  of  sandstones  and  shales 
inclined  at  very  high  angles. 

The  phenomena  observed  were  as  follows  : — For  seventy  or 
eighty  feet  from  the  shaft  the  rock  is  barren  sandstone  and  shale, 
dipping  to  the  south,  and  comparatively  dry  and  cool.  Then  it 
becomes  brecciated  and  highly  charged  with  ascending  hot  water 
containing  a  large  amount  of  alkaline  sidphides,  with  excess  of 
COg  and  H.,S.  In  the  hottest  places  the  temperature  of  the 
Avater  is  160'  Fahr.,  and  CO^,  bubbles  up  so  profusely  that  a 
lighted  candle  near  its  surface  is  quickly  extinguished.  The 
heat  of  the  freshly  cut  rock  is  often  too  great  to  be  borne  by 
the  naked  hand,  and  in  this  hot  shattered  rock  the  ore  is  found. 
The  mine  is  worked  with  difficulty  on  account  of  the  almost 
insupportable  heat,  but  this  has  now  been,  to  a  great  extent, 
removed  by  the  more  complete  ventilation  recently  introduced. 
The  lower  drift  had  not  at  the  time  of  their  visit  yet  reached 
the  ore   body.^ 

The  brecciated  laj^^er  which  forms  the  water-way  is  here,  as  in 
the  Waggon-Spring  Cut,  composed  of  fragments  of  sandstone  and 
.shale,  usually  angular,  but  sometimes  sub-angular,  as  if  the.  edges 
had  been  either  worn  or  dissolved  away.  In  some  jDlaces,  where 
the  ascending  water  is  abundant,  there  is  hot  mud  only  between  the 
fragments,  but  in  others,  wliere  the  rock  is  drier,  and  the  solfataric 
action  is  exhausted,  the  fragments  are  firmly  cemented  by  a  paste 

^  In  1882  the  work  was  progressing  on  five  diiferent  liorizons,  namely  : — 
104-foot,  157-foot,  210-foot,  260-foot,  and  310-foot  levels.  The  third,  210-foot 
level,  had  been  puslied  232  feet,  cutting  tliroiigh  the  ore  body,  and  reaching 
barren  rock  on  the  other  side.  The  fourtla  level  had  been  pushed  1.36  feet,  and 
had  reached  the  ore  body.  Tiie  varying  dips  at  tlaese  levels  show  tliat  the  strata 
are  very  much  broken  up. 
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of  consolidated  mud  containiug  disseminated  metallic  suljshides,  or 
wholly  by  deposits  from  solfataric  waters.  The  vein  thus  becomes  a 
mere  breccia  united  by  a  paste  of  cinnabar,  pyrites  and  silica,  but 
chiefly  by  cinnabar.  The  spaces  are  sometimes  entirely,  and  some- 
times only  partially,  filled  with  the  deposit,  occasionally  leaving 
hollows  between  the  fragments.  In  this  case  the  mass  may  have  the 
appearance  of  an  aggregation  of  pellets  of  cinnabar,  but  on  break- 
ing them  they  are  found  to  have  an  angular  fragment  of  rock  as  a 
nucleus.  The  deposit  lining  or  filling  the  cavities  is  most  commonly 
cinnabar,  but  sometimes  consists  of  iron  pyrites,  or  silica,  or  of  all 
three  arranged  in  alternate  layers.  The  silica  was  found  in  all  stages 
of  consolidation ;  sometimes  chalcedonic,  sometimes  cheesy,  and 
sometimes  gelatinous.  The  vein  or  deposit  is  largely  enclosed  in 
the  brecciated  stratum  described,  but  is  apparently  not  wholly  con- 
fined to  it.  It  is  extremely  irregular,  sometimes  widening  out  to 
many  yards  in  extent,  and  then  thinning  down  to  a  few  inches,  or 
even  pinching  out  and  disappearing  entirely  to  again  appear  in  a 
different  stratum.  Sometimes  it  is  repeated,  with  barren  rock 
between,  whilst  at  others  it  leaves  the  brecciated  layer  and  appears 
in  the  shattered  sandstone  either  on  one  side  or  on  the  other. 
This  deposit  is  in  some  places  exceedingly  rich,  constituting  a 
breccia  united  by  a  paste  consisting  entirely  of  cinnabar,  which 
often  constitutes  more  than  one-half  the  weight  of  the  entire  mass. 
No  free  sulphur  was  found  either  here  or  at  any  depth  beyond  a 
few  yards  below  the  surface.  Becker  ^  has  studied  these  deposits 
very  carefully ;  his  views  on  this  subject  have  already  been  given 
on  page  135.  In  189-i  this  mine  produced  348  flasks  of  quick- 
silver.- 

From  the  commencement  of  operations  in  1850  up  to  August 
31st,  1863,^  the  new  Almaden  mines  had  produced  308,756  flasks 
of  76'5  lbs.  each,  or  23,619, 83-i  lbs.  of  quicksilver  from  51,157  tons 
of  ore,  equal  to  a  yield  of  23*09  per  cent.  From  1850  to  the  end 
of  1889  the  jDroduction  was  904,459  flasks,  equal  to  69,191,113-5 
lbs.  out  of  631,395  tons,  or  5-41  per  cent.  In  1870  the  pro- 
duction was  14,423  flasks,  and  the  yield  of  the  ore  5"23  per  cent., 
in  1880  these  figures  were  respectively  23,465  and  2'93,  in  1889 
they  were  13,100  and  1*73,  and  in  1894  the  production  was  7,235 
flasks. 

The  New  Idria  Mine  produced  7,600  flasks  in  1873  and  1,005 

1  G.  F.  Becker,  United  States  Geoloyiral  Survey,  xiii.  1888, 

^  The  Mineral  Industry,  iii.  1894,  p.  477. 

3  The  Eleventh  Census  of  the  United  States,  1890,  p.  240. 
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in  1894.     In  the  last-named  year  the  chief  producers  next  to  the 

New  Almaden  were  : — ^ 

Flasks. 
Great  Western 5,341 

Napa  Consolidated    ....     4,930 

Mirabel 4,229 

Aetna 3,575 

The  following  table  shows  the  quicksilver  production  of 
California  at  intervals  of  ten  years  from  1850  to  1890,  also  for  the 
years  1894  and  1895  :— - 

Year.  Flasks. 

1850  Production 7,728 

1800  ,.  10,000 

1870  .,,  30,077 

1880  „  59,92G 

1890  „  22,926 

1894  „  30,440 

1895  „  30,104 

The  total  production  from  1850  to  1889  is  given  as  1,544,844 
flasks,  worth  .^09,258,000. 

Lead. 

Lead  ores  occur  in  the  Atlantic  States,^  in  true  veins,  enclosed 
in  the  Azoic  slates  of  New  York,  &c.,  in  the  form  of  argentiferous 
galena,  associated  with  blende,  iron  pyrites  and  copper  pyrites ;  in 
veins  running  ^^arallel  to  the  formation,  especially  in  New  England ; 
and  as  irregular  deposits  in  the  unaltered  Lower  Silurian  rocks  of 
the  State  of  New  York  and  elsewhere.  They  are  not,  however, 
extensively  worked,  and  exhibit  no  peculiarities  of  especial  interest. 
A  good  deal  of  lead  raining  was  carried  on  about  1870  in  the 
neighbourhood  of  Phoenix ville,  Pennsylvania ;  the  mines  were 
remarkable  chiefly  fur  the  very  beautiful  crystals  of  anglesite, 
Avulfenite,  cerussite  and  pyromorphite,  which  they  yielded  ;  it  is 
also  noteworthy  that  fluor  spar  occurred  in  the  gangue.  The  most 
important  lead  regions  of  the  United  States  are  those  of  the  Upper 
Mississipi^i  Valley  and  Missouri. 

^   7Vk'  Miiurral  Indvxfry,  iii.  189-1-,  p.  477. 

'^  The  Elcrenth  Cen-su-s,  p.  187,  and  California  State  Mining  Bureau  BiiUetiiis, 
Nos.  7  and  8. 

3  J.  1).  Whitney,  The  Metallic  Wealth  of  the  United  States,  p.  382;  ibid. 
"  Report  on  the  Upper  Mississippi  Lead  Region,"  Geol.  Survey  of  Wisconsin, 
i.  1852. 
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Lead  ore  was  first  discovered  in  the  south-west  by  Le  Sueur, 
who  made  a  voyage  up  the  Mississippi  in  1700.  The  first  miniiig 
appears  to  have  been  undertaken  in  1788  by  Dubuque,  a  half- 
breed  Indian  trader,  and  was  carried  on  by  him  until  his  death  in 
1809  ;  but  it  was  not  until  1827  that  lead  miners  began  to  spread 
themselves  over  the  Wisconsin  lead  region,  from  which  time  the 
quantity  of  lead  produced  rapidly  increased  until  1845  ;  after 
which  period,  however,  it  again  declined. 

The  Upper  Mississippi  lead  district  is  included  within  the 
boundaries  of  three  States,  namely,  Wisconsin,  Illinois,  and  Iowa, 
but  about  five-sixths  of  the  lead-producing  area  belong  to 
Wisconsin.  The  deposits  of  lead  ore  are  developed  in  the  Galena 
or  Upper  Magnesian  Limestone  of  the  Trenton  period  of  the 
Lower  Silurian  formation,  and  extend  over  an  area  of  some  140 
geographical  square  miles.  There  are  no  deposits  of  lead  in  the 
valley  of  the  Mississippi  which  can  be  considered  as  coming  in  any 
way  under  the  head  of  true  veins,  as  they  are  invariably  limited 
in  depth,  and  are  enclosed  in  a  geological  formation  of  which  the 
productive  portion  does  not  generally  exceed  a  hundred  feet  in 
thickness.^  Whitney  distinguishes  various  forms  of  these  deposits : — • 
The  simplest  variety  is  the  sheet,  the  characteristic  mode  of 
occurrence  of  lead  ores  in  the  Mississippi  valley,  which  is  a  solid 
mass  of  ore  fiUinof  a  vertical  fissure  ;  the  ore  remaining  as  it  was 
first  deposited,  and  the  rock  exhibiting  no  evidence  of  having 
undergone  decomposition.  The  dimensions  of  such  sheets  are  very 
variable,  but  generally  the  thickness  does  not  exceed  three  inches, 
whilst  their  longitudinal  extension  is  not  great,  usually  varying  from 
a  few  yards  to  a  hundred.  From  twenty  to  forty  feet  may  be  con- 
sidered the  most  usual  limit  in  vertical  extension ;  but  in  some 
instances  a  much  greater  depth  has  been  attained  whilst  following 
down  an  unbroken  mass  of  ore.  In  sheet  deposits  there  are  rarely 
any  of  the  ordinary  accompaniments  of  a  true  vein,  such  as  gangue 
or  veinstone,  and  the  walls  are  never  smooth  or  striated.  Should 
the  ore  give  out,  the  crevice  becomes  filled  with  clay,  ochre,  or 
calc  spar,  whilst  quartz  is  never  present. 

An  opening  is  the  widening  out  of  a  crevice  in  strata  in  which 
the  conditions  are  favourable  to  the  accumulation  of  lead  ore,  and 
is  filled  with  galena  surrounded  by  ferruginous  clay.  When  the 
dimensions  are  very  irregular,  the  fissure  contracting  and  expand- 
ing suddenly  and  frequently,  so  as  to  give  rise  to  numerous  isolated 
eavities  of  different  sizes  connected  by  the  general  line  of  fissure, 

^  See,  however,  p.  167. 
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the  whole  is  called  a  crevice  with  'pochct  openings.  The  cave  o]jening 
is  a  magnified  form  of  the  pocket  opening.  An  expansion  of  this 
kind  in  Levin's  Lode,  near  Dubuque,  was  180  feet  long,  45  feet 
high,  and  30  feet  wide.  There  are  frequently  great  irregularities 
in  the  vertical  height  of  such  openings,  which  sometimes  rise  into 
conical  cavities,  called  chimneys,  often  lined  with  stalactites  of 
calc  spar  and  galena.  Crevice  ojjcnitigs  are  chiefly  confined  to  the 
upper  portion  of  the  Galena  limestone,  whilst  in  the  lower  portions 
of  that  rock  Jicit  sheets  and  Jlat  openings  occur  as  characteristic 
forms  of  deposit.  The  difference  between  vertical  and  flat  sheets 
is  one  of  position  only.  Flat  sheets  are  made  up  of  blende,  cala- 
mine and  pyrites,  associated  with  galena.  Calcite  and  heavy  spar 
are  found,  in  some  cases,  as  vein-stuff,  whilst  quartz  is  wholly 
wanting.  In  flat  sheets  the  minerals  are  sometimes  arranged 
symmetrically.  The  most  recent  researches  upon  these  lead 
deposits  of  the  Mississippi  valley,  which  are  characteristic  deposits 
in  limestone,  have  already  been  referred  to  on  page  166. 

The  principal  ore  in  these  deposits  is  a  very  pure  galena,  poor 
in  silver  (OiJOl  to  0"002  per  cent.),  crystallising,  principally,  in 
cubes.  It  is  frequently  accompanied  by  blende  and  zinc  carbonate, 
the  latter  being  called  dry  hone  by  the  miners,  on  account  of  its 
cellular,  bone-like  structure.  Iron  and  copper  pyrites  are  com- 
paratively rare,  but  brown  iron  ore  seems  to  constantly  occur  with 
the  lead  and  zinc  ores.  Calcite  and  heavy  spar  are  subordinate, 
whilst  quartz  and  the  compounds  of  lead  with  arsenic  and  phos- 
phorus are  entirely  absent. 

The  occurrence  of  mammoth  and  other  bones  in  crevices  with 
the  lead  ore,  as  well  as  in  the  clay  and  sand  near  the  surface,  has 
been  repeatedly  noticed  by  those  who  have  been  engaged  in 
investigating  the  geology  of  the  lead  region.  Casts  of  fossils  in 
sulphide  of  lead  are  not  unfrequent  in  this  region,  a  fact  which  is 
alone  sufficient  to  demonstrate  the  aqueous  origin  of  the  ore. 

The  first  mining  operations  in  Missouri  were  commenced  in 
1720,  the  celebrated  La  Motte  Mine  being  one  of  the  most  impor- 
tant opened  at  that  period.  The  principal  dej^osits  are  situated  in 
Washington  County,  but  there  are  some  others  in  the  counties  of 
Franklin  and  Jefferson.  The  geological  position  of  the  metalli- 
ferous deposits  of  Missouri  is  very  similar  to  that  of  the  Mississippi 
lead  mines. 

Practically  the  whole  of  the  lead  produced  in  the  Western 
States  of  America  is  argentiferous  and  is  obtained  more  for  the 
sake  of  the  silver  than  of  the  lead  ;  the   falling  off  in  the  silver 
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production  of  the  United  States  in  recent  years  has  accordingly 
entailed  a  corresponding  diminution  in  the  output  of  lead.  Exact 
statistics  are  hardly  to  be  obtained,  especially  because  so  few  mines 
are  worked  for  lead  alone,  silver  or  zinc  being  generally  associated 
with  the  former  metal,  whilst  a  good  deal  of  lead  is  also  extracted 
in  the  United  States  from  imported  ores,  these  coming  chiefly 
from  Mexico  and  from  the  Kootenay  district  of  British  Columbia. 

The  total  annual  production  of  lead  in  the  United  States 
during  the  year  1882  was  132,890  tons,  of  which  more  than  one- 
half  was  produced  in  the  western  States  and  Territories.  In  the 
year  1882,  Colorado  produced  58,642  tons  of  metallic  lead,  and 
Utah  30,UU()  tons  of  that  metal. 

In  1889  ^  the  Rocky  Mountain  States  and  Territories  produced 
130,903  tons  of  lead  ore,  valued  at  S-1,712,757,  the  chief  producers 
being  Colorado  with  70,788  tons,  worth  S2,101,014,  and  Idaho  with 
23,172  tons,  worth  81,042,629.  The  production  east  of  the  Rocky 
Mountains  was  50,238  tons,  valued  at  Si, 754,880,  by  far  the  most 
important  contributor  being  Missouri,  with  44,482  tons,  worth 
SI, 571, 161.  The  total  production  of  lead  ore  was  181,141 
tons,  and  the  production  of  metallic  lead  from  native  ores  is 
estimated  at  somewhere  about  127,5U(J  tons.  The  total  production 
of  lead  from  home  and  foreign  ores  in  this  year  was  153,709  tons. 
The  following  table-  shows  the  production  of  lead  from  American 
ores  between  1890  and  1894,  including  an  annual  amount  of  about 
5,000  tons  of  hard  antimonial  lead  : — 

Year.  Tons. 

1890 142,065 

1891 176,651 

1892 182,677 

1893 166,678 

1894 160,807 


Zinc. 

Ores  of  zinc'"'  are  widely  distributed  over  the  United  States 
of  America,  the  deposits  of  that  metal  in  New  Jersey  exhibiting 
some  features  of  especial  interest.     At  tlie  Eaton  Mine,  in  New 

1  E/ei-enfh  Ceusiis  of  the  United  Statex,  1890,  p.  163. 

-  The  MineraJ  In(bMry,  1894,  p.  403. 

3  .J.  D.  WhitnQx.  MetaUir  Wealfhofthe  United  States,  t^.  .347  ;  R.  W.  Pvaymond, 
"  Zinc  Deposits  of  Southern  Missouri,"  Trans.  Amer.  lust.  Jlin.  E»<j.,  viii.  188U, 
p.  165. 
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Hampshire,  there  is  a  vein  six  feet  in  width,  traversing  altered 
Palgeozoic  rocks,  which  consists  chiefly  of  yellow  blende,  enclosing 
masses  of  argentiferous  galena.  Ore  of  a  similar  character  is  found 
at  the  Shelburne  Mine,  and  at  various  other  localities  in  the  same 
State.  At  Warren  there  is  a  thick  bed  of  black  blende,  associated 
with  galena  and  iron  pyrites.  In  the  State  of  NeAv  York  zinc  ores 
have  been  obtained  from  mines  in  the  vicinity  of  Wurtsboro',  in 
Sullivan  County,  where  they  occur  in  a  bed  parallel  with  the 
stratification  of  the  Shawangunk  Mountain.  According  to  Pro- 
fessor Mather,  it  forms  a  mass,  varying  from  two  to  five  feet  in 
thickness,  the  larger  portion  of  which  consists  of  a  siliceous  rock, 
similar  to  that  forming  the  roof  and  floor,  containing  fragments  of 
greenish  and  blackish  slates.  The  metalliferous  constituents  are 
blende,  galena,  copper  pyrites  and  iron  pyrites,  associated  with 
crystallised  quartz.  The  leader  of  solid  ore  varies  in  thickness 
from  a  mere  trace  to  three  feet. 

The  zinc  deposits  of  New  Jersey  are  situated  in  Sussex 
Oounty,  on  a  range  of  hills,  which,  commencing  near  Sparta, 
extends  in  a  southerly  direction  through  Stirling  to  Franklin, 
where  the  deposits  are  worked.  They  occur  in  association  with  a 
white  crystalline  limestone,  which  can  be  traced  from  Orange 
County  in  the  State  of  New  York  to  beyond  Stirling,  and  is 
probably  of  Lower  Silurian  age.  An  intrusive  felspathic  rock 
appears  to  form  dykes  in  this  limestone,  which  is  tilted  at  a  con- 
siderable angle.  At  Stirling  Hill  a  bed  of  zinc  ore  rests  with  a 
steep  south-easterly  dip  against  a  bed  of  franklinite,  both  exactly 
coinciding  in  dip  with  the  bed  of  limestone  in  which  they  are 
enclosed.  The  ore  consists  of  the  red  oxide  containing  8(>26  per 
cent,  of  zinc,  and  lO'T-l  per  cent,  of  oxygen,  and  is  found  only  in 
the  State  of  New  Jersey.  The  bed  of  franklinite  on  which  the  zinc 
ore  rests  varies  from  twenty  to  thirty  feet  in  thickness.  At  Mine 
Hill,  Franklin,  the  same  succession  of  limestone  and  metalliferous 
beds  is  to  be  observed,  but  the  intrusive  rock  is  there  said  to  be 
syenite,  the  blue  limestone  having  been  converted  into  a  white 
crystalline  mass  along  the  line  of  contact  of  the  two  rocks,  and  in 
this  both  the  zinc  ore  and  the  franklinite  are  intercalated  in  the 
form  of  beds.  The  mode  of  formation  of  these  deposits  presents 
problems  of  great  difficulty,  nothing  like  them  being  known  any- 
where else.  Tlie  limestone  associated  with  them  is  manganiferous 
and  the  manganese  of  the  franklinite  may  have  been  derived  from 
this  source.  The  guess  may  be  hazarded  that  these  deposits  were 
originally  deposits  of  calamine  in  limestone,  such  as  are  known  else- 
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where.  The  limestone  contained  some  carbonate  of  manganese, 
and  when  it  underwent  metamorphism,  a  series  of  metamorphic 
changes  were  also  brought  about  in  the  mineral  deposits,  as  a 
result  of  which  the  minerals  zincite,  wiJlemite,  franklinite,  &c., 
were  produced. 

Amongst  the  numerous  deposits  of  zinc  ore  in  the  State  of 
Pennsylvania  those  of  the  Saucon  Valley,  near  Friedensville,  are 
the  most  important.  The  ore  there  consists  almost  entirely  of 
silicate  of  zinc,  and  is  remarkably  free  from  any  admixture  either 
of  lead  or  iron.  The  deposits  are  in  the  form  of  included  beds 
in  a  compact  blue  limestone  of  Silurian  age,  apparently  the 
equivalent  of  the  Calciferous  Sandstone  of  American  geologists. 

Lead  mining  in  Missouri  appears  to  have  been  considerably 
affected  by  competition  with  the  mines  of  the  western  States 
and  Territories ;  but  simultaneously  with  this  depression  the 
development  of  new  zinc  deposits  has  caused  a  revival  in  this 
branch  of  industry.  The  zinc-bearing  region  in  south-western 
Missouri  is  very  extensive,  the  ores  being  chiefly  carbonate  and 
hydrous  silicate  of  zinc.  The  deposits  in  the  north  and  south-east 
of  the  State  are  said  to  be  in  Silurian  rocks,  but  those  of  the 
south-west  are  Sub-Carboniferous.  This  difference  in  age  of  the 
enclosing  rocks  does  not,  however,  necessarily  prove  a  similar 
difference  in  the  age  of  the  deposits.  The  Sub-Carboniferous 
limestone  of  the  south-west  is  nearly  horizontal,  is  characterised 
by  numerous  flinty  segregations,  and  is  occasionally  shaly.  In 
this  formation  occur  the  ore  deposits,  which  are  irregular  in  shape 
and  distribution,  although  but  little  is  known  of  their  extent. 
They  appear,  however,  to  be  limited  in  height,  width  and  length, 
and  to  abut  in  all  directions  against  barren  rock.  Iron  pyrites  is 
plentiful  in  a  few  mines  only,  and  in  some  of  them  the  ore  consists 
of  a  porous  skeleton  of  silica,  the  pores  of  which  are  filled  with 
blende.  From  this  to  solid  flint  rock,  with  disseminated  specks  of 
blende,  all  forms  of  transition  are  observed.  The  mineral  district  ^ 
covers  an  area  of  about  a  hundred  miles  from  east  to  west  by 
thirty  from  north  to  south,  extending  into  both  southern  Missouri 
and  Kansas.  Zinc  was  first  discovered  here  in  1870-71,  and 
regular  mining  began  about  1873.  From  that  time  to  the  end  of 
1894  the  total  production  was  1,407,832  tons  of  ore,  valued  at 
827,722,858.  In  1894  the  output  was  142,042  tons  of  ore,  worth 
s2,337,o43. 

The    production    of    metallic    zinc     in     the    United    States 
^  J.  R.  Holibaugh,  Lead  and  Zinc  Mining  in  Jlis-souri  and  Kama?,  lS9o. 
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during  the  year  1882  is   estimated  at   33,7Go   tons.     During  the 
eleventh  census  year,  1889/  the  output  of  ore  was  as  follows  : — 

Production  of  Zin'c  Ork  ix  the  United  States  during  1889. 


State. 

Weight. 

Value. 

Tons. 

S 

Arkansas  

LSO 

3,250 

Iowa 

4.50 

3,600 

Kansas 

39,57.") 

299,192 

Missouri 

9.3,131 

2.024,0.57 

New  Jersey  and  Pennsylvania 

63.339 

175,052 

Xew  Mexico 

140 

2,520 

iSouthern  States 

12,906 

141,560 

Wisconsin 

24,832 

400,568 

Total 

234,503 

3,049,799 

During  this  year  there  were  treated  190,309  tons  of  ore,  with  a 
production  of  58,860  tons  of  spelter  and  16,970  tons  of  oxide  of 
zinc.  In  1884  there  were  produced  38,.544  tons  of  spelter,  and 
74,004  tons  in  1894. 

Tin. 

The  occurrence  of  tin  ore  in  the  United  States  is  so  rare  that 
the  search  for  it  has  almost  been  given  up  as  hopeless,  some 
authorities  going  so  far  as  to  say  that  it  would  never  be  found  in 
paying  quantities.  Tin  ore  was,  however,  discovered  in  Alabama 
under  conditions  that  at  one  time  looked  promising,  and  a  Mr. 
Gesner  put  up  machinery  two  miles  south-east  of  Ashland,  Clay 
County,  Alabama,  in  order  to  mine  the  tin  ores  found  there.  The 
property  embraced  nearly  a  square  mile,  and  Mr.  Gesner  had 
forty-five  stamps  working  about  1880  ;  the  results,  however,  were 
unsatisfactory,  and  the  enterprise  had  to  be  abandoned. 

At  Winslow,  in  the  State  of  Maine,-  veins  of  cassiterite  traverse 
an  impure,  gray,  micaceous  limestone,  which  is  found  in  many 
parts  of  this  region,  and  is  subordinate  to  the  gneissic  series.  The 
veins,  which  are  seldom  more  than  an  inch  or  two  in  thickness,  are 
abundant  through  a  considerable  extent  of  the  rock,  and  are 
interlaminated  with  it,  occupying  spaces  between  the  sedimentary 
layers,  which  are  distinctly  marked  by  different  shades  of  colour ; 

1  Op.  rit.  p.  168. 

-  T.  Sterry  Hunt,  Trans.  Amer.  Inst.  Min.  Eiiy,  i.  1873,  p.  373. 


PART  11  THE    UNITED    STATES  803 

occasionally,   however,  they   for  a  short   distance    cut  across  the 
stratification.     The  veinstone  is  purple  fluor  spar,  white  mica  and 
quartz.     In  this  gangue   the  cassiterite  is  disseminated  in  small 
crystalline  masses,  sometimes  half  an  inch  in  diameter,  together 
•with  a   little  mispickel.     Dana    mentions    scanty   occurrences    of 
cassiterite  at  Paris   and  Hebron    in    Maine,  and    at    Chesterfield 
and  Goshen  in  Massachusetts.     But  none  of  these  deposits  have 
hitherto  proved  commercially  valuable.     There  is  an  occurrence  of 
tin  oxide  in  Missouri  which  seems  to  be  a  replacement  of  titanic 
oxide  in  sphene,  but  which  can  only  be  regarded  as  a  mineralogical 
curiosity.     Tin  ore  occurs'in  the  BrcAver  Mine,  Chesterfield  County, 
South    Carolina  {sec  page  786),  but  apparently  not  in  workable 
quantities,  and  a  small  deposit  has  been  opened  up  in  Virginia, 
out  of  which  1,000  tons  of  tin-bearing  rock  are  officially  stated  to 
have  been  raised  in  the  eleventh  census  year,  but  the  percentage 
of  metal  is  not  stated,  nor  does  it  appear  that  any  metal  was  ever 
smelted  from  it. 

Discoveries  of  stream  tin  have  been  made  in  Idaho,  but  no 
washings  have  yet  been  undertaken.  Small  pebbles  of  tin  ore 
have  also  been  found  in  Prickly  Pear  Creek,  Montana.  There  is 
likewise  a  deposit  of  tin  ore  in  the  shape  of  small  veins  carrying- 
quartz,  chlorite,  oxide  of  iron  and  cassiterite,  in  the  granite  of  the 
Temescal  Range,  San  Bernardino  County,  California.  Some  rich 
specimens  have  been  obtained  from  this  locality,  and  during  the 
winter  of  1860-61  a  great  number  of  chiims  were  taken  up.  In 
1890  and  1891  a  great  deal  of  work  was  done  in  this  district,  and 
it  is  reported  that  up  to  May,  1891,  twelve  tons  of  metallic  tin 
had  been  produced.  Even  if  this  be  true,  it  does  not  seem  that 
any  more  has  been  obtained,  and  there  is  now  nothing  doing  on 
these  deposits. 

Tin  ore  certainly  occurs  over  a  very  wide  area  in  South 
Dakota,^  and  an  attempt  was  made  to  work  it  on  a  very  large 
scale  by  a  powerful  company,  the  Harney  Peak  Tin  Mining 
Company,  Limited,  which  was  formed  about  1888.  Tin  ore  was 
first  discovered  in  the  Black  Hills  of  Dakota  by  R.  H.  Pierce  in 
1877.  The  formation  here  consists  of  mica  schists  and  slates, 
containing  masses  of  granite,  lenticular  and  parallel  to  the  direction 
of  the  bedding.  Most  geologists  regard  these  as  intrusive  granites, 
though  F.  B.  Carpenter  -  thinks  that  they  are  veins.     The  granite 

1  Eleventh  Census  of  the  United  States,  1890,  p.  251. 

2  "Ore  Deposits  of  the  Black  Hills  of  Dakota,"  Trans.  Amer.  Inst.  Min. 
En(j.  xvii.  1889,  p.  57U. 
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is  coarsely  crystalline,  crystals  of  felspar  and  mica  many  inches  in 
diameter  being  common.  The  cassiterite  also  occurs  at  times  in 
large  crystals,  and  sometimes  finely  disseminated ;  spodumene, 
apatite,  columbite,  and  tantalite  also  occur  in  these  deposits, 
together  with  a  number  of  other  minerals  such  as  generally 
accompany  cassiterite  ;  neither  fluor  spar  nor  topaz  seems,  however, 
to  occur  here.  It  is  said  that  in  the  eleventh  census  year  22,000 
tons  of  tin-bearing  rock  were  mined  ;  there  does  not,  however, 
appear  to  be  any  record  of  its  having  produced  any  tin.  In 
1885  it  is  said  that  a  trial  run  of  400  tons  produced  seven  tons 
of  metallic  tin,  and  about  1888  a  bulk  sample  of  40  tons  was 
sent  to  England,  which  yielded  at  the  rate  of  2"6  per  cent,  of 
metal.  The  company  appears  now  (1896)  to  be  in  process  of 
liquidation. 

There  are  no  records  of  tin  ever  having  been  produced  with 
profit  in  the  United  States,  if  indeed  any  tin  has  ever  been  smelted 
at  all  in  the  Union. 

Antimony. 

Antimony  occurs  in  the  north-western  portion  of  Sonora,  where 
a  short  range  of  mountains,  the  Sierra  del  Alamo  Muerto,  skirts 
the  eastern  shore  of  the  Gulf  of  California  at  about  thirty  miles 
from  the  sea,  and  fifty  from  El  Altar.  On  the  northern  flank  of 
this  range,  an  area  of  considerable  extent  is  strewn  with  quartz  and 
a  heavy  yellow  mineral.  The  latter  is  said  to  have  been  long  ago 
amalgamated  for  silver,  but  to  have  yielded  so  base  an  amalgam 
as  to  have  been  rejected  as  an  ore  of  silver.  Its  true  character 
appears  to  have  been  overlooked  for  some  time  until  samples  w^ere 
sent  to  England,  and  the  value  of  the  mineral  as  a  pure  oxide  of 
antimony  was  at  once  recognised.  Shortly  afterwards  arrangements 
were  made  with  the  owners  to  ship  the  ore  for  treatment  to  works 
erected  at  Oakland,  California.  There  would  appear  to  be  three 
systems  of  veins  within  an  area  of  about  four  square  miles. 
The  most  northerly  group,  the  San  Jose,  was  in  1881  the  most 
productive  in  antimony,  but  it  carried  no  silver.  The  Santa 
Margarita  group  lies  between  the  preceding  and  the  Argentine 
group.  Both  the  second  and  third  groups  are  argentiferous,  but 
the  first,  although  containing  no  silver,  was,  when  opened,  richer  in 
antimony  than  the  two  latter.  The  size  and  yield  of  the  veins 
have  proved  very  variable,  but  the  area  over  which  the  mineral  is 
found  is  so  large,  and  the  number  of  veins  so  great,  that  the 
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district  promises  to  be  of  some  importance,  though  to  Avhat  extent 
more  extended  mining  alone  can  determine.^ 

In  1895  -  California  produced  33  tons  of  antimony,  valued  at 
81,485. 

Ores  of  antimony  likewise  occur  in  the  Coyote  mining  district, 
Utah  Territory,  where  stibnite  occurs  in  large  quantities  in  the 
form  of  horizontal  beds  or  layers,  in  a  soft  sandstone,  which  rises 
in  precipitous  bluffs  on  each  side  of  the  valley  of  Coyote  Creek. 
This  sandstone  is  underlain  by  a  thin  bed  of  limestone,  and  by  a 
conglomerate  of  much  worn  and  rounded  quartz  boulders,  forming 
the  base  of  the  bluffs.  The  antimon}-  occurs  just  above  the 
junction  of  the  sandstone  with  the  limestone,  and  in  some  places 
has  been  found  in  the  conglomerate ;  generally,  however,  the 
layers  of  antimony  ore  are  enclosed  in  the  sandstone.  The  thick- 
ness of  these  layers  varies  at  different  points  from  a  few  inches  to 
about  thirty  inches.  It  may  in  some  cases  be  thicker  than  this, 
and  there  are  evidences  of  two  more  beds,  one  above  another. 
The  workings  never  progressed  sufficiently  to  show  the  full 
extent  of  the  beds  as  regards  their  thickness  and  number,^ 
for  soon  after  1881  these  mines  were  abandoned  as  not  profitable 
under  the  then  existing  conditions. 

Sulphide  of  antimony  was  discovered  in  South-western  Arkansas 
in  1873,  and  since  that  date  three  mines  have  been  opened,  from 
which  a  number  of  antimonial  minerals  have  been  obtained.  The 
most  extensive  deposit  is  the  Stewart  Lode,  which  was  dis- 
covered in  1877,  and  courses  N.  13  E.,  with  a  nearly  Vertical 
dip.  This  would  appear  to  be  one  of  the  few  localities  iti 
the  United  States  where  ores  of  antimony  are  found  in  workable 
quantities.'^ 

Arkansas  produced  65  tons  of  ore,  yielding  25  tons  of  star  regulus, 
valued  at  $10,000,  in  1889.  The  State  of  Nevada  was  the  largest 
producer  in  that  year,  its  output  being  200  tons  of  ore,  yielding  • 
90  tons  of  regulus,  worth  Sl8,000  ;  the  chief  mines  are  at  Bernice. 
Mines  are  also  worked  at  Kingston,  in  Idaho,  and  in  Montana, 
All  these  deposits  are  irregular  in  character,  and  there  is  very  little 
regular  mining  for  antimony  carried   on  in  the    United   States. 

^  J.  Douglas,  .Jun.,  Engineering  and  Mining  Journaf ,  March  itli,  1882. 
-  California  State  Mining  Bureau,  Bulletin  No.  8,  1896. 

*  W.    Blake,   Report  upon  the  Antimony  Deposits  of  Southern   Utah,    New 
Haven,  1881. 

*  C.  P.  Williams,  "Antimony  in  Arkansas,"  Tram.  Amer.  Inst.  Min.  Eng.  iii. 
1875,  p.  150;  C.  E.  Wait,  i7*(V/.  viii.  1880,  p.  42. 
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The  following  table  shows  the  weight  and  value  of  star  regulus 
produced  in  the  Union  from  the  years  1884  to  1894  : — ^ 


Year. 

Weight. 

Value. 

1884  ....   60  tons  ....  .^12,000 

1885 

•   50  „ 

10,000 

1886 

35  „   . 

7,000 

1887 

75  „ 

15,000 

1888 

100  „ 

20,000 

1889 

115  „ 

28,000 

1890 

129  „ 

40,756 

1891 

•  278  „ 

47,007 

1892 

200  ,, 

36,000 

1893 

350  „ 

63,000 

1894 

.  220  „ 

39,000 

Copper. 

The  Lake  Superior  region  -  during  the  year  ending  June  1st, 
1880,  furnished  90"48  per  cent,  of  the  total  amount  of  copper 
produced  in  the  United  States  east  of  the  100th  Meridian,  but 
exclusive  of  the  yield  of  the  western  States  and  Territories, 
Califoruia,  Colorado,  Idaho,  Arizona,  &c.  Since  that  date  copper 
mining  in  the  States  has  completely  changed  its  conditions,  and 
has  developed  with  extraordinary  rapidity,  Montana  having  come 
to  the  front  with  an  output  even  greater  than  that  of  Michigan 
(the  Lake  Superior  region),  the  latter  having  remained  more  neai'ly 
stationary.  Arizona  has  also  become  a  large  producer,  until  in 
1894  the  Lake  Superior  region  was  producing  onl}'-  32  per  cent, 
•of  the  total  output. 

This  is  nevertheless  one  of  the  most  interesting  copper  districts 
in  the  world,  the  metal  occurring  in  masses  of  very  various  sizes 
in  bedded  trappean  rocks  associated  with  interstratified  sandstones 
and  conglomerates.  The  copper  is  found  almost  wholly  in  the 
native  state,  and  occurs  not  only  in  veins  but  also  disseminated  in 
amygdaloidal  and  conglomerate  rocks,  on  which  some  of  the 
richest  and  most  productive  mines  are  worked.  The  Lake 
Superior  copper  belt  extends  from  Keweenaw  Point  south-west 
to    Wisconsin,  and    thence    across  the    State  to  Minnesota.     Its 

1  Eleventh  Cenms  of  the  United  States,  1890,  p.  3.37 ;  The  Mineral  Industry, 
1894,  p.  72. 

-J.  D.  Whitney,  "Metallic  Wealth  of  the  United  States";  Raphael 
Pumpelly,  "  Copper-beai'ing  Rocks,"  GeoL  Siirrei/  of  Michi(jaii,  i.  1873. 
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length  is  about  130  miles  and  its  width  six,  occupying  portions  of 
the  counties  of  Keweenaw,  Houghton,  Isle  Royale  and  Ontonagon. 
Beginning  at  the  north-east,  many  mines  have  been  opened  from 
Keweenaw  Point  to  the  south-west,  including  the  celebrated 
Calumet  and  Hecla  Mine  in  Houghton  County.  There  are 
various  mines  in  Ontonagon  County,  and  others  on  Isle  Royale  in 
Lake  Superior, 

Keweenaw  Point  is  composed  of  two  distinct  formations ;  on 
the  eastern  side  are  sandstones,  whilst  on  the  western  is  an  enormous 
development  of  alternating  trappean  rocks  and  conglomerates. 
The  relative  ag-e  of  these  formations  has  given  rise  to  much 
discussion.  Both  have  been  referred  to  the  Potsdam  epoch  by 
Foster  and  Whitney,  and  by  Sir  W,  Logan  to  the  Chazy ;  whilst 
Mr.  Bell,  of  the  Canadian  Survey,  considers  the  cupriferous  rocks 
to  be  of  Triassic  age,  thus  agreeing  with  Jackson  and  Owen  in  a 
view  afterwards  abandoned  by  the  latter.  Pumpelly  is  of  opinion 
that  the  cupriferous  series  was  -formed  before  the  tilting  of  the 
Huronian  beds,  upon  which  it  rests  conformably  ;  and  that,  after 
the  elevation  of  these  rocks,  sandstone  and  shales  containing  fossils, 
which  show  them  to  belong  to  the  Lower  Silurian  period,  were 
deposited  as  products  of  the  erosion  of  the  older  rocks.  It  is, 
however,  still  uncertain  whether  they  should  be  referred  to 
the  Potsdam,  Calciferous,  Quebec,  or  Chazy  epoch ;  Wadsworth  ^ 
has   more   recently  made  them    out    to    be    of   Lower   Cambrian 

age. 

According  to  H.  Credner,-  copper  occurs  in  this  region  in  four 
different  forms  of  deposit,  namely  : — 

1st,  In  true  fissure  veins  which  traverse  the  melaphyres  and 
amygdaloids  and  are  only  productive  in  those  rocks,  but  become 
contracted  and  pinched  when  they  enter  the  diorites,  and  are 
totally  unproductive  as  soon  as  they  pass  into  the  conglomerates  or 
sandstones.  In  such  lodes  masses  of  native  copper,  each  Aveighing 
many  tons,  are  found  associated  with  native  silver,  quartz,  calcite", 
laumonite,  prehnite,  apophyilite,  natrolite,  desmine,  fluor  spar, 
epidote,  and  chlorite. 

2nd.  As  entirely  or  partially  filling  vesicles  in  amygdaloidal 
melaphyres,  as  is  the  case  not  only  in  the  vicinity  of  the  lodes  but 
also  at  considerable  distances  from  them.  At  the  Copper  Falls 
Mines  the  amygdules  are  often  entirely  filled  with  native  copper, 
but,  when  their  filling  is  not  exclusively  metallic,  the  copper  is 

1  Geoloykal  Survey  of  Michigan,  189.3,  p.  85. 

2  Xeut.^  Jahrh.  fiir  Mineral.  1869,  p.  1. 
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accompanied  by  native  silver,  calcite,  quartz,  chlorite,  laumonite, 
prehnite,  analcime,  ej)idote,  datolite,  iron  glance,  &c. 

3rd.  As  an  accessory  constituent  of  an  epidote  rock  lying  in 
irregular  layers  between  the  various  sheets  of  melaphyres. 

4th.  As  the  cementing  material,  or  an  accessory  jDortion  of  the 
cementino-  material,  of  a  breccia  occurring  between  the  sheets  of 
melajDliyre.  The  Calumet  and  Hecla  deposit  is  an  example  of 
such  a  metalliferous  breccia. 

An  account  of  the  results  of  the  most  recent  investigations  res- 
pecting the  deposits  of  this  region  has  already  been  given,  page  185. 

Crystals  of  silver,  free  from  copper,  are  not  unfrequently  found 
deposited  on  copper  containing  no  silver,  and  the  masses  of  native 
metal  usually  exhibit,  with  electrotype  fidelity,  an  exact  cast  of 
the  surfaces  of  the  enclosing  rocks. 

When,  as  sometimes  occurs,  a  mass  of  copper  is  met  with 
extending  some  twenty  or  thirty  feet  along  the  course  of  a  vein, 
and  weighing  considerably  above  a  hundred  tons,  its  removal  is 
attended  by  a  certain  amount  of  difficulty.  In  order  to  extract 
such  a  deposit  of  "  mass  copper,"  the  rock  is  first  stoped  from  one  side 
of  it,  and  the  metal  subsequently  divided,  by  means  of  cross-cut 
chisels,  into  fragments  of  such  dimensions  as  to  admit  of 
being  taken  upon  rollers  to  the  shaft  and  thence  raised  to  the 
surface. 

The  name  of  "  barrel  work  "  is  applied  to  the  smaller  pieces  of 
copper,  each  usually  weighing  a  few  pounds  only,  which  are  too 
large  to  go  to  the  stamp  mills,  and  are  consequently  picked 
out  to  be  sent  away  in  barrels.  In  the  more  jDroductive  mines, 
considerable  quantities  of  this  lump  copper  are  obtained  during  the 
breaking  and  preparation  of  the  "  stamp  work."  It  usually  contains 
from  60  to  70  per  cent,  of  copper.  The  largest  proportion  of  the 
cupriferous  material,  in  all  the  mines  of  Lake  Superior,  consists, 
however,  of  stamp  work,  which  requires  to  be  broken  into  pieces  of 
moderate  size  before  being  subjected  to  the  operations  of  stamping 
and  washing,  thus  producing  so-called  "mineral"  with  about  80 
per  cent,  of  metal. 

The  production  of  the  Lake  Sui^erior  mines  during  the  year 
1882  amounted  to  28,491  tons  of  copper,  of  which  amount  16,027 
tons  were  supplied  by  the  Calumet  and  Hecla  Mine  alone.  In 
1889  the  total  amount  of  ore  raised  in  this  district  was  2,433,733 
tons,  producing  43,728  tons  of  copper,  being  at  the  rate  of  1"8  per 
cent. ;  some  of  the  mines,  however,  are  working  on  a  produce  of 
less  than  1  jDer  cent,  of  metal.     The  average  in  1893  Avas  29  per 
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cent.  The  output  of  these  mines  has  been  increasing  steadily,  until 
in  1894  it  reached  57,263  tons  of  copper,  out  of  Avhich  total  the 
Calumet  and  Hecla  ]\Iine  produced  more  than  one-half,  or  30,921 
tons.  Next  to  this  mine  rank  the  Quincy  and  the  Tamarack,  each 
Avith  about  7,700  tons  of  copper.  The  shafts  at  these  Lake  Superior 
mines  are  amongst  the  deepest  in  the  world  ;  two  at  the  Tamarack 
Mine  are  over  4,000  feet  deep,  and  one  in  the  Calumet  and  Hecla 
has  passed  that  depth,  and  is  to  be  continued  to  a  total  depth  of 
5,000  feet. 

The  great  copper  deposits  near  Butte  City,  Montana,  were  uot 
opened  up  until  the  year  1881,  when  railways  first  traversed  this 
region ;  in  1883  large  masses  of  copper  ore  were  struck  in  the 
Anaconda  Mine,  and  by  1888  the  produce  of  this  mine  even 
exceeded  that  of  the  Calumet  and  Hecla.^  A  number  of  important 
mining  companies  are  working  a  lode,  or,  more  properly,  a  mineral 
belt,  that  has  been  traced  for  over  three  miles  in  length,  running 
approximately  east  and  west.  The  country  rock  is  granite, 
traversed  by  dykes  of  rhyolite,-  whose  general  trend  is  north  and 
south,  and  which  seem  to  have  broken  through  the  granite  ;  the 
latter  is  also  traversed  by  dykes  of  quartz  porphyry.  The  direction 
of  the  ore  belt  follows  the  general  direction  of  the  fissure  planes, 
along  which  the  ore  was  deposited,  there  being  often  several  such, 
approximately  parallel  to  each  other,  but  uniting  in  places, 
running  out  and  coming  in  again.  Emmons  (loc.  eit.)  concludes 
that  the  granite  was  fissured  and  shattered  along  this  line  by  some 
dynamic  movement  that  may,  perhaps,  be  referred  to  the  rhyolite 
eruption;  mineralising  solutions  penetrated  through  the  rock  thus 
shattered,  and  decomposed  the  granite,  forming  the  ores  by 
metasomatic  interchange.  Some  of  the  ore  occurs  in  thin 
reticulated  strings,  like  a  stockwork,  some  impregnating  the 
decomposed  granite,  and  some  in  extensive  ore  masses  ;  one  in  the 
Anaconda  Mine  is  150  feet  wide.  It  has  already  been  noted  that 
most  of  these  ores  at  the  outcrop  carried  silver,  mainly  as 
chloride,  and  practically  no  copper  up  to  a  depth  of  400  feet,  at 
which  level  a  belt  of  very  rich  oxysulphides  and  other  secondary 
ores,  running  up  to  fifty  per  cent,  of  copper  in  places,  was  passed 
through,  till  the  normal  ores  of  the  deposit  were  reached. 

The    ores  in  depth   are    chiefly  bornite,    copper  glance,    and 

1  James  Douglas,  "The  Copper  Resources  of  the  United  iStates,"'  Tirol's.  Amer. 
Inst.  Min.  Eivj.  xix.  189U,  p.  678. 

-  S.  F.  Emmons,  '*  Notes  on  the  Geology  of  Butte,  Montana,"  Trans.  Amer. 
Inst.  Min.  Ewj.  xvi.  1887,  p.  49. 
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other  sulphides,  carrying  silver  in  proportions  of  between  h  oz, 
to  2  oz.  to  the  ton  per  unit  of  copper.  The  ores  vary 
from  C  to  10  per  cent,  of  copper,  but  the  yield  will  no  doubt 
be  somewhat  lower  in  depth. 

Of  recent  years  the  Anaconda  Mine  has  produced  just  about 
one-half  of  the  total  copper  output  of  the  State  of  Montana,  and 
the  Boston  and  Montana  and  the  Butte  and  Boston  properties 
together  about  one-third,  the  remaining  sixth  being  contributed 
by  various  smaller  mines.  In  1889  Montana  produced  48,934 
tons  of  copper  from  698,837  tons  of  ore.  The  following  table  ^ 
shows  the  production  of  copper  in  Montana  since  1889  : — 

Tons. 

1890       55,478 

1891 56,180 

1892       80,525 

1893 77,150 

1894 91,547 

In  Arizona  ^  there  are  three  main  productive  centres,  Clifton, 
where  the  Arizona  Copper  Company  is  the  chief  producer,  Bisbee, 
where  the  important  mines  of  the  Copper  Queen  are  situated, 
and  Globe,  where  the  Old  Dominion  is  the  leading  mine.  In  all 
these  districts  the  ore  occurs  in  essentially  similar  forms  ;  it 
occurs  either  in  Carboniferous  limestone,  or  at  the  contact  of  that 
rock  with  sandstone  or  with  granite,  porphyry,  or  other  eruptive 
rocks.  Although,  in  some  of  the  latter  cases,  the  copper  ores 
seem  to  have  to  some  extent  replaced  the  granite,  sandstone,  or 
other  rocks,  as  the  case  may  be,  yet  the  genesis  of  the  deposits 
is  referable  to  the  limestone,  its  solubility  being  the  cause  that 
enabled  the  copper-bearing  solutions  to  penetrate  the  rocks  and 
produce  the  deposits.  The  ores  are  principally  carbonate  and 
oxide  of  copper,  associated  with  oxide  of  iron,  the  decomposition 
products  probably  of  copper  pyrites.  Masses  of  sulphide  ore  are 
found  occasionally,  and  there  seems  little  doubt  that  in  depth 
the  oxidised  ores  will  be  completely  replaced  by  sulphides,  as 
they  have  already  been  partially.  The  great  depth  to  which  the 
decomposition  of  the  ore  has  extended  is  no  doubt  referable  to  the 
chemical  action  of  the  calcareous  country  rock. 

In  1889  there  were  raised  in  Arizona  145,586  tons  of  ore,  which 

1  The  Mineral  Iiii/iisfn/,  in.  1894,  p.  161. 
-  James  Douglas,  loc  <:l(. 
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yielded  15,681   tons    of  copper.     The  following   table  ^  shows  the 
production  of  copper  since  1889  : — 

Tons. 

1890 18,489 

1891 20,947 

1892  ........  19,192 

1893 21,887 

1894 22,266 

The  chief  producers  in  the  last-named  year  were  : — 


Tons. 

Copper  Queen 6,484 

United  Verde 

Arizona 4;968  J        '"PP"' 


' ,       )      metallic 
5,452  V 


In  Texas  -  copper  ores  are  known  in  the  Permian  formation  in 
two  rather  extensive  districts  on  Red  River  and  on  Brazos  River, 
but  although  they  have  been  repeatedly  worked,  favourable  economic 
results  have  not  yet  been  obtained.  These  ores  occur  in  the  lower 
strata  of  the  Permian,  and  are  by  no  means  closely  confined  to  one 
horizon;  in  many  places  they  are  developed  at  two  distinct 
horizons. 

The  Permian  measures  consist  here  of  soft  sandstones,  clays, 
marls  and  conglomerates.  The  copper  ores  appear  chiefly  in  the 
marls  and  clay-rocks  as  cuprified  branches  of  trees,  sometimes 
several  inches  in  diameter,  and  as  nodules  of  copper  ore,  four  to  six 
inches  in  diameter,'  most  or  all  of  which  are  of  fossil  origin ;  it  also 
occurs  in  smaller  nodules  and  impregnating  the  marl  or  clay-rock. 
The  ores  are  chiefly  silicates  and  carbonates  of  very  variable 
richness,  in  some  cases  up  to  60  per  cent,  of  metal.  The 
occurrence  is  highly  interesting  from  a  geological  point  of  view, 
though  its  economic  importance  seems  to  be  doubtful. 

Copper  ores  associated  with  quartz  occur  in  true  lodes  in  the 
State  of  Maine  at  Dexter,  Lubec,  Parsonsfield,  and  various  other 
localities,  but  are  of  little  practical  importance. 

According  to  the  Census  Bulletin,  during  the  year  ending  June 
1st,  1880,  three  mines  in  Hancock  County,  employing  ninety-seven 
workmen,  produced  12,500  tons  of  rough  ore,  equivalent  to  41  j 
tons  of  metallic  copper,  worth  -SI  0,1 25. 

'   The  Mineral  InduMry,  iii.  1894,  p.  1.59. 

^  E.  J.  iSchmitz,   "  Copper  Oi'es  in  the  rermian  of  Texas,"  Trans.  Amer.  Inaf. 
Mill.  Eiuj.  February,  1896. 
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Several  copper  mines  have  been  worked  in  the  State  of  Mary- 
land, particularly  in  the  vicinity  of  Liberty  and  New  London,  in 
Frederick  County.  The  ores,  which  principally  consist  of  various 
sulphides,  are  enclosed  for  the  most  part  in  a  mixture  of  talcose 
slate  and  limestone.  At  the  Dolly  Hide  Mine,  in  this  district,  the 
w^orkings  are  carried  on  upon  a  broad  band  of  crystalline  limestone, 
which,  where  best  developed,  is  nearly  100  feet  in  thickness,  and 
contains  numerous  parallel  bands  of  ore  mixed  with  a  quartzose 
material  coloured  brown  by  the  oxides  of  iron  and  manganese.  The 
rock  on  each  side  of  the  belt  of  limestone  is  an  argillaceous  slate. 
At  the  Springfield  Copper  Mine  in  Carroll  County,  copper  ore, 
chiefly  in  the  form  of  copper  pyrites,  occurs  in  a  vein  running 
N.  25^  E.,  with,  for  the  first  sixty  feet,  a  dip  south-east,  and  then 
becoming  nearly  perpendicular.  This  vein  is  at  the  surface  from 
twenty  to  twenty-four  feet  in  width,  and  was  originally  worked 
for  iron  ore.  At  Mineral  Hill,  near  Sykesville,  there  are  four 
veins  enclosed  in  talcose  and  chloritic  slates.  In  1880  one  mine 
in  Carroll  County  employing  six  men  produced  eighty-two  tons  of 
coj)per  ore. 

The  copper  ores  of  Missouri,  as  well  as  the  lead  ores,  are  chiefly 
contained  in  Lower  Silurian  strata,  which  have  been  deposited  in 
depressions  of  the  Azoic  rocks.  Copper  ore  was  first  discovered  in 
Ste.  Genevieve  County  ^  in  1863  by  a  German  farmer,  who  had 
occasion  to  make  a  road  from  his  house  into  the  neishbourinc^ 
valley,  and  whilst  so  engaged  noticed  pieces  of  a  green-coloured 
mineral,  of  which  he  collected  specimens,  which  were  subsequently 
forwarded  to  St.  Louis  for  analysis. 

The  Ste.  Genevieve  copper  deposit  occurs  in  the  second  of  the 
Magnesian  Limestone  Series  of  the  Lower  Silurian  system,  and 
in  the  immediate  vicinity  of  the  mines  this  rock  attains  a 
thickness  of  upwards  of  250  feet.  East  of  this  the  Carboniferous 
system  is  met  with,  and  continues  to  the  river  above  Ste.  Genevieve, 
whilst  below  the  town  Quarternary  deposits  occupy  the  area  included 
between  Dodge  Creek,  Mill  Creek,  and  the  Mississippi  River. 
So  far  as  can  at  jjresent  be  determined,  the  copper  deposit 
consists  of  two  nearly  horizontal  beds  of  ore  between  strata  of 
chert  enclosed  in  Silurian  limestone.  The  uppermost  of  the 
two  known  cupriferous  horizons,  and  that  from  which  nearly  the 
whole  of  the  ore  hitherto  extracted  from  the  Cornwall  Mine  has 
been  obtained,  is  250  feet  above  the  bed  of  the  stream  traversing 

1  Frank  Nicholson,   "A  Review  of   the   Ste.    Genevieve    Copper    Deposit," 
Trans.  Amer.  Ingt.  Min.  Eng.  x.  1882,  p.  444. 
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the  adjacent  ravine.  The  lower  level  seam,  that  worked  at  the 
Swansea  Mine,  is  at  least  150  feet  below  the  upper  one.  The 
principal  ore  is  copper  pyrites,  Avhich  is  found  in  a  massive  form,  and 
varies  in  thickness  from  three  inches  to  several  feet.  Fig.  121, 
after  a  sketch  by  Mr.  Nicholson,  taken  in  the  Yalle  drift  of  the 
Cornwall  Mine,  250  feet  from  its  mouth,  shows  the  sequence  and 
approximate  thickness  of  the  various  strata  in  that  locality.  The 
ore  is  here  compact  copper  pyrites  almost  free  from  gangue,  but 
about  fifteen  feet  from  the  point  where   this  sketch  was  taken 
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Fio.  121. — Ore  deposit,  Cornwall  Mine  ;  vertical  section. 

the  ore  seam  is  entirely  lost,  to  again  make  its  appearance  at  no 
very  considerable  distance. 

During  the  tenth  census  year,  three  mines  in  the  County 
of  Ste.  Genevieve,  employing  eighteen  persons,  produced  1,051 
tons  of  copper  ore,  representing  115  tons  of  ingot  copper,  worth 
$25,780. 

The  most  important  copper  mine  worked  in  North  Carolina  is  the 
Ore  Knob.^  This  mine  is  situated  not  far  from  the  New  River  in 
Ashe  County,  North  Carolina,  and  is  on  a  true  vein  which  cuts  the 
strata  of  gneiss  and  mica  schist  of  the  region.  These  rocks  dip  45^ 
S.E.,  whilst  the  lode  is  vertical  with  a  course  N.  G0°  E.  Both  country 
rock  and  lode  are  decomposed  down  to  considerable  depths,  the 
latter  exhibiting  a  strong  capping  of  gossan.  At  a  certain  depth 
the  lode  becomes  charged  with  carbonate  and  red  oxide  of  copper, 
which  still  lower  down  are  replaced  by  rich  sulphuretted  ores  of  that 
metal.     This  deposit  was  worked  irregularly  before  the  Civil  War, 

^  T.  Sterry  Hunt,  "The  Ore  Knob  Copper  Mine,"   Trans.  Amer.  Inst.   Min. 
Eng.  ii.  1874,  p.  123. 
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and  was  again  opened  in  1873.  Tlie  outcrop  has  been  traced 
for  a  distance  of  1.900  feet,  and  cojjper  ores  have  been  met  with 
in  five  different  shafts  within  a  distance  of  CGI  feet,  A  drift 
has,  moreover,  been  carried  for  the  above  distance  through  solid 
ore.  The  breadth  of  the  lode  varies  from  six  to  fourteen  feet 
and  the  outcrop  of  gossan  is,  in  some  parts,  twenty  feet  in  width. 
In  1874  the  Ore  Knob  yielded  a  net  profit  of  $60,302.  Copper 
Knob,  situated  in  the  Blue  Ridge,  near  the  Ashe-Wautauga 
railway,  is  worked  on  a  vein,  or  rather  group  of  veins,  of  which 
the  most  important  carries,  in  addition  to  quartz,  erubescite,  yellow 
copper  ore,  malachite,  chrysocolla,  specular  iron  ore  and  pyrites, 
with  occasionally  free  gold  and  silver.  Two  mines,  both  situated 
in  Ashe  County,  giving  employment  to  328  persons,  produced, 
during  the  year  1879-1880,  24,680  tons  of  ore,  representing  820 
tons  of  metallic  copper,  value  $350,000. 

In  Montgomery  and  Chester  Counties,  Pennsylvania,  cupriferous 
veins  occur  at  or  near  the  junction  of  the  gneiss  and  Triassic 
Sandstone.  This  metalliferous  zone  extends  in  a  general  east  and 
west  direction  across  the  Schuylkill  River,  occupying  a  range  of 
country  some  six  or  seven  miles  in  extent.  Within  this  space 
there  are  ten  or  twelve  lodes,  some  of  which  are  said  to  be 
confined  to  one  formation  and  some  to  the  other  ;  whilst  others 
again  traverse  both.  Professor  Rogers  states,  as  a  general  fact,  that 
those  veins  which  are  confined  chiefly  or  entirely  to  the  gneiss 
bear  lead  ore  as  their  most  abundant  mineral,  whilst  those  which 
are  restricted  to  the  red  shale  usually  contain  more  copper 
than  lead. 

During  the  tenth  census  year  one  mine  in  Montgomery  County, 
employing  ten  hands,  produced  289  tons  of  ore,  representing  20 
tons  of  ingot  copper,  value  $5,630. 

Numerous  deposits  of  copper  ore  are  enclosed  in  the  Huronian 
rocks  of  South-western  Virginia,  East  Tennessee,  and  Georgia. 
This  belt,  which  extends  over  a  length  of  nearly  sixty  miles, 
has  been  worked,  to  some  extent,  at  three  different  points, 
namely  : — Carroll  County  in  Virginia ;  Ducktown  in  Tennessee,  and 
Canton  in  Georgia,  Of  these  deposits  that  of  Ducktown  has 
been  the  most  extensively  worked,  and  is  consequently  known 
to  a  greater  depth  and  over  a  larger  extent  than  either  of  the 
other  two. 

The  cupriferous  deposits  of   Tennessee  ^  are  situated   in    the 

1  J.  D.  Whitney,  Metallic   Wealth  of  the    United  States,  p.  322  ;  H.  Creclner, 
Bercj.  unci  Hilttenm.  Zeit.  1867,  p.  8  ;  1871,  p.  370, 
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immediate  vicinity  of  the  Ocoee  River,  in  the  extreme  south-eastern 
corner  of  the  State.  The  ores  are  contained  in  micaceous  schists, 
which  dip  at  a  high  angle  to  the  south-east,  have  a  strike  of 
N.  20  E.,  and  enclose  lenticular  ore  masses  which  may  be  followed, 
with  but  comparatively  few  interruptions,  for  a  distance  of  five 
miles.  These,  which  sometimes  attain  a  very  considerable  length, 
with  a  thickness  occasionally  exceeding  fifty  feet,  are  at  Ducktown 
arranged  in  three  parallel  zones  separated  from  one  another  by  bands 
of  unproductive  rock.  According  to  Whitney  and  Credner,  the 
metalliferous  deposits  of  Ducktown  are  not  only  parallel  to  one 
another  but  also  to  the  strike  and  dip  of  the  enclosing  rocks,  and 
consequently  in  this  respect  resemble  the  great  pyritic  masses 
of  Schmollnitz,   Rio   Tinto,  &c.       Throuohout  the  whole  extent 


Fig.  12-2.— Section  of  tleposit,  Ducktown. 

of  their  course  these  deposits  exhibit  a  remarkable  uniformitv  in 
their  formation.  The  outcrop  is  usually  rendered  conspicuous  by 
a  heavy  gossan,  by  which  the  surface  of  the  ground  is  often  covered 
with  masses  of  ferruginous  material  over  considerable  areas.  On 
sinking  to  a  sufficient  depth  through  this  gossan,  a,  the  section 
represented  in  Fig.  122  is  obtained.  Beneath  the  ferruginous  out- 
crop is  found  a  horizontal  layer  of  cupriferous  ore,  h,  of  variable 
thickness,  and  of  a  width  corresponding  to  that  of  the  vein. 
Immediately  under  the  copper  ore,  and  separated  from  it  by 
a  well-defined  line,  is  the  unaltered  veinstone,  c,  consistincr  of  an 
intimate  mixture  of  common  iron  pyrites,  magnetic  pyrites,  and 
a  little  yellow  copper  ore,  associated  with  C|uartz  and,  occasionally, 
with  actiuolite.  This  undecomposed  veinstone  contains  on  an 
average  about  H  per  cent,  of  copper,  but  richer  patches  of 
copper  ore  sometimes  occur  in  the  mass.     The  gossan,  a,  as  well 
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as  the  copper  ore,  h,  mainly  consisting  of  a  mixture  of  the 
sulphides  of  iron  and  copper,  often  enclosing  cubical  crystals  of  iron 
pyrites,  are  evidently  the  result  of  the  decomposition  of  the  un- 
altered ore  which  once  occupied  their  place.  The  suljahide  of  copper, 
forming  a  considerable  proportion  of  the  deposit,  h,  has  obviously 
been  derived  from  the  ore  now  converted  into  gossan  ;  and, 
when  stopping  at  Ducktown  during  the  summer  of  1857, 1  (J.  A.  P.) 
not  only  remarked  that  some  of  the  springs  in  the  neighbourhood 
of  the  deposits  were  highly  charged  with  H^S,  but  also  that  this 
gas  was  present  in  the  mines  in  unusual  quantities.  I  was  also 
informed  by  Captain  Pill,  then  manager  of  the  Hancock  Mine, 
that,  on  one  occasion,  some  men  who  w^ere  working  on  the  black 
copper  ore  were  for  a  short  time  driven  from  their  work  by  a 
blower  of  sulphuretted  hydrogen.  Another  indication  of  the 
process  by  which  these  deposits  of  secondary  mineral  are  produced 
is  furnished  in  the  fact  that,  wherever  the  walls,  d,  of  the  deposits 
were  crossed  in  the  ore-bearing  horizon  by  a  fracture  having  a 
downward  inclination,  the  fissure  was  invariably  filled  with  copper 
ore  of  the  class  constituting  the  layer  h.  As  before  stated,  the 
bottom  of  the  bed  of  copper  marks  the  limit  of  the  decomposition 
of  the  vein,  and  beneath  this  line  the  ore  exists  in  its  original 
condition.  The  depth  to  which  decomposition  of  the  outcrop  has 
extended  is  variable,  but  is  nearly  identical  Avith  that  at  Avhich 
water  is  first  found.  On  the  ridges  the  depth  of  the  gossan  may 
average  from  eighty  to  ninety  feet,  but  in  the  valleys  the  depth  is 
not  more  than  thirty  feet.  At  oiie  place  in  the  Hiwassee  Mine  the 
body  of  black  ore  was  fortj^-five  feet  in  Avidth,  and  Professor 
Whitney  estimated  its  average  thickness  at  two  feet,  although  in 
.  many  places  it  was  much  thicker. 

At  first  the  facility  with  which  this  ore  could  be  mined, 
neither  deep  shafts  nor  timbering  being  required,  enabled  large 
quantities  to  be  forwarded  to  Boston  and  elsewhere,  in  addition  to 
that  which  was  smelted  upon  the  spot ;  but  the  beds  of  black  ore 
became  gradually  exhausted,  and  at  length  nothing  but  the  un- 
altered pyritic  ore,  c,  remained.  This  has,  at  various  times,  been 
worked  to  considerable  depths,  but  the  results  obtained  do  not,  as 
a  whole,  appear  to  have  been  remunerative. 

Dr.  Hunt  regards  the  Ducktown  deposits  as  fissure  veins,  thus 
disagreeing  with  the  opinions  of  Whitney  and  Credner,  who 
believe  them  to  be  lenticular  masses.  Dr.  Hunt  has,  however,  had 
the  advantage  of  a  great  additional  development  of  the  under- 
ground  workings   and  also  of  explorations  by  the  diamond  drill, 
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and  he  declares  these  deposits  to  possess  a  banded  structure  with 
interstitial  sj)aces,  and  that  they  contain  vugs  characteristic  of 
deposits  posterior  in  origin  to  the  enclosing  rocks.  The  most  recent 
observations  on  these  deposits  are  by  Carl  Heurich/  who  seems  to 
hold  that  the  ores  were  deposited  along  fault  fissures  cutting  the 
stratification  of  the  country  rocks  at  an  acute  angle,  the  fissure  plane 
forming  always  the  east  wall,  which  is  or  was  the  hanging  wall  of 
the  deposit.  The  places  of  the  present  deposits  were  originally 
occupied  by  pyroxenic  rock  ;  at  the  time  of  the  uplift  of  the 
Appalachian  range  this  rock  was  altered,  its  original  constituents 
being  replaced  metasomatically  by  pyrrhotite  and  chalcopyrite. 
Finally  zinc  blende,  galena  and  afterwards  quartz,  marcasite  and 
pyrites  were  deposited,  and  completed  the  transformation  of  the 
pyroxenic  rock  into  the  present  ores.  This  writer  holds  that  the 
greater  part  of  these  deposits  can  be  profitably  smelted  for  copper 
if  worked  on  a  large  scale,  but  that  the  mineral  consists  so  largely 
of  pyrrhotite  as  to  be  useless  as  a  source  of  sulphur. 

During  the  tenth  census  year  only  one  copper  mine  was  in 
operation  in  the  State  of  Tennessee ;  this  was  situated  in  Polk 
County,  gave  occupation  to  four  men,  and  produced  294  tons  of 
ore,  of  which  the  percentage  is  not  given. 

According  to  Whitney,  copper  ores  have  been  found  in  various 
localities  in  the  State  of  Vermont.  Copper  pyrites  comparatively 
free  from  iron  pyrites  occurs  at  Corinth,  along  a  line  extending 
about  1,100  yards,  and  bearing  N.  10°  W.  A  considerable  quantity 
of  the  ore  from  this  locality  was  formerly  sent  to  smelting  works  in 
Boston.  During  the  tenth  census  year,  Vermont  contributed  from 
one  mine  in  Orange  County,  employing  619  men  and  boys,  28,037 
tons  of  copper  ore,  equivalent  to  1,324  tons  of  ingot  copper,  value 
$469,495. 

Copper  ores  occur  in  various  places  in  Wisconsin,  and  among 
others  in  the  neighbourhood  of  Mineral  Point,  where  the  ore 
occupies  a  fissure  fourteen  feet  in  width  in  Lower  Silurian  lime- 
stone. In  1841,  in  which  year  Mr.  J.  T.  Hodge  made  an  exami- 
nation of  this  region,  the  fissure,  which  had  been  traced  for  a 
distance  of  about  a  quarter  of  a  mile  and  to  a  depth  of  fifteen 
feet,  was  found  filled  with  gossan  enclosing  lumps  of  green  copper 
ore,  beneath  which  was  a  mixture  of  clay  and  yellow  ore.  At 
that  date  about  seventy-five  tons  of  copper  ore  had  been  extracted 
from  this  deposit.  During  the  tenth  census  year,  one  mine  in  Iowa 
County,  Wisconsin,  produced  62  tons  of  copper  ore,  equivalent  to  9 

1  Trans.  Amer.  Inst.  Min.  Eng.  March  1895. 
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tons  of  ingot  copper,  value  SI, .549,  and  gave  employment  to  seven 
men. 

The  total  production  in  the  United  States  east  of  the  100th 
meridian  was,  during  the  tenth  census  year,  1,005,95.5  tons  of  ore, 
equivalent  to  25,327  tons  of  ingot  copper,  worth  $8,8-12,961.^ 

The  following  table  shows  the  production  of  metallic  copper  (in 
short  tons)  in  the  United  States  during  the  eleventh  census  year  ^ 
and  durino^  1894  : — -^ 


Productiox  of  ^Ietallic  Copper  in  the  United  States  durinu  the 
Years  1889  and  1894. 


states. 

1889. 

1894. 

Arizona    

California 

Colorado 

Michigan 

Montana          

New  Mexico 

Utah 

Tons. 

15,793 

78 

.585 

43,726 

49,111 

1,843 

33 

78 

13 

36 

50 

9 

],673 

Tons. 

22,266 

60 

3.264 

57,263 

91,547 

77 

592 

1,219 
464 

Idaho    

Nevada 

Vermont 

Wyoming         

Southern  and  Eastern  States 
All  other  sources 

Totals 113,028 

176,752 

Irox. 

Masses  of  specular  and  magnetic  iron  ore  of  enormous  extent 
occur   in    the    Laurentian    and    Huronian    formations    of    North 

^  In  the  Cen.'nis  Bulletin,  from  which  the  earlier  statistics  relative  to  copper  have 
been  chiefly  derived,  the  j'ield  is  reduced  to  metallic  copper,  and  its  value  is  given  at 
the  mines,  or  at  the  point  where  it  is  no  longer  operated  upon.  In  some  instances 
both  mining  and  smelting  are  carried  on  by  the  same  establishment ;  whilst  in 
others  the  process  of  reduction  is  partially  carried  on  at  the  mine,  and  the  product 
shipped  in  the  form  of  regulus.  In  other  cases  the  ores  of  copper  are  mined 
and  shipped  without  any  preliminary  reduction.  Thus  the  industry,  strictly 
speaking,  embraces  both  mining  and  smelting  in  a  way  which  renders  it  impossible 
to  separate  the  two.  It  follows  that  the  only  common  unit  to  which  these 
various  products  can  be  reduced  is  inetallic  copper,  the  value  of  which,  to  the 
mine  producing  it,  varies  greatly  with  the  expense  requiring  to  be  laid  out  upon 
it  before  it  reaches  the  market  in  the  form  of  metal. 

-  E/erenfh  Census  of  the  United  States,  "  Mineral  Industries,"  1890,  p.  155. 

^  The  Mineral  Industry,  1894,  p.  158. 
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America.^  Important  ore  masses  of  Laurentian  age  are  found  in 
the  States  of  New  York,  New  Jersey  and  Pennsylvania;  especially 
on  Lake  Champlain,  in  the  highlands  of  New  York,  in  New  Jersey, 
and  at  Cornwall  in  Lebanon  County,  Pennsylvania.  In  the  New 
York  and  New  Jersey  highlands,  syenitic  gneiss  contains  beds  of 
iron  ore,  which  for  many  miles  follow  all  the  twistings  and  contortions 
of  the  gneiss.  Magnetic  iron  ore  is  also  found  associated  with  the 
franklinite  and  red  zinc  ores  of  Franklin  and  Stirlino-  New 
Jersey.  On  Lake  Champlain  coarsely  granular  magnetic  iron  ore, 
which  is  sometimes  rendered  impure  by  the  presence  of  apatite, 
occurs  in  lenticular  beds  interstratified  in  gneiss  (see  page  182). 
The  largest  of  these  and  the  most  productive  deposit  of  iron  ore 
in  the  State  of  New  York  is  at  the  Old  Bed  Mine,  in  Essex 
County,  which  in  1879-1880  yielded  208,416  tons,  of  the  value 
of  8744,344.  In  1890  -  the  production  of  the  Lake  Champlain 
mines  was  as  follows  : — 

Port  Henry  Mines   .     .     .  417,810  gross  tons.^ 

Chateaugay  Mines  .     .     .  130,398 
Crown  Point  Mines      .     .       78,737  „ 

Miscellaneous      ....  35,000  ,, 


661,945 


Another  well-known  mine  in  this  State  is  the  Tilly  Foster 
Mine,  which  consists  of  an  irregular  deposit  of  magnetite  in  gneiss  ; 
its  annual  yield  is  about  70,000  tons  of  ore.  The  total  output  of 
iron  ore  in  this  State  during  1880  amounted  to  1,262,127 
tons.  The  number  of  iron-ore  producing  States  was  no  less  than 
twenty-three  in  that  year,  whilst  it  had  increased  to  twenty-six 
together  with  two  Territories  in  1889  :  it  will,  therefore,  be  neces- 
sary  to  confine  our  attention  exclusively  to  a  few  of  the  more 
important  deposits.  Moreover,  many  of  the  characteristic  occui'- 
rences  have  already  been  referred  to  in  the  first  part  of  this  work. 

1  T.  SteiTj'  Hunt,  "  The  Cornwall  Iron  Mine,"  Trans.  Amer.  Inst.  Jlin. 
Eng.  iv.  1876,  p.  319  ;  J.  C.  Smock,  "  The  Magnetic  Ores  of  New 
Jersey,"  ihid.  ii.  1874,  p.  .314;  H.  Newton,  "Ores  of  Iron,"  ihid.  iii.  1875, 
p.  360;  R.  Pumpelly  and  A.Schmidt,  "Iron  Ores  of  Missouri,"  New  York, 
1873;  T.  B.  Brooks,  "Iron-bearing  Rocks,"  GeoJ.  Survey  of  Michiijan,  1873, 
i.  p.  9.  Much  information  respecting  American  iron  ores  will  also  be  found  in  Sir 
Lowthian  Bell's  report  in  the  special  volume  of  the  Iron  and  Steel  Institute,  1890. 

-  Sir  Lowthian  Bell,  op.  rit.  p.  76. 

^  In  America  iron  ore  is  usuallj-  weighed  by  the  statute  ton  of  2,240  lbs. 
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The  magnetic  ores  of  New  Jersey  occur  ia  the  mountain 
range  in  the  western  part  of  the  State,  and  occupy  an  area 
of  900  square  miles,  of  which  the  average  elevation  is  about  1.000 
feet  above  the  sea  level.  Excepting  the  valleys  towards  the  north- 
western border,  which  contain  magnesian  limestone  and  Hudson 
River  slate,  the  whole  range  consists  of  crystalline  rocks  closely 
resembling  those  of  the  Laurentian  formation  of  Canada,  distinct 
stratification  being  nearly  everywhere  observable.  In  the  State 
Geological  Survey  Reports  these  rocks  are  described  as  Archsean, 
and  it  is  in  this  crystalline  metamorphic  series  that  the  magnetic 
iron  ores  are  found. 

In  Sussex  County,  New  Jersey,  there  is  an  unique  deposit  of 
franklinite,  a  mineral  much  resemblino-  mao-netite,  but  in  which 
part  of  the  iron  is  replaced  by  manganese  and  zinc.  This  is  a 
valuable  ore  as  a  source  both  of  zinc  white  and  of  spiegeleisen 
{sec  page  800). 

Deposits  of  magnetic  iron  ore  pass  from  New  Jersey  into 
Pennsylvania,  and  are  extensively  worked  at  Cornwall,  in  Lebanon 
County.  The  Great  South  Mountain  belt  is  composed  of  Laurentian 
rocks,  in  which  are  found  the  characteristic  ores  of  the  Highlands 
of  New  Jersey,  New  York  and  the  Adirondacks ;  Avhilst  Pennsyl- 
vania now  produces  large  quantities  of  these  ores,  although  the 
great  area  of  ore-bearing  Laurentian  rocks  within  her  borders  still 
remains  comparatively  unexplored. 

Another  class  of  crystalline  iron  ores,  chiefly  magnetites, 
appears  to  belong  to  a  distinct  ore-bearing  horizon,  and  is  found  in 
Pennsylvania  along  both  borders  of  the  Mesozoic  Sandstone 
formation.  These  ores  were  referred  by  Professor  H.  D,  Rogers 
to  what  he  designated  "Primal  Slates,"  which  he  regarded  as 
the  lowest  member  of  the  Paleeozoic  series,  though,  by  some 
later  observers,  the  Cornwall  Mine  and  certain  related  deposits 
west  of  the  Susquehanna  have  been  referred  to  the  Mesozoic 
sandstones. 

The  area  of  ore  exposed  at  the  remarkable  deposit  of  magnetite 
in  the  Cornwall  Mine  {sec  also  page  49)  measures  about  4,000  feet 
in  a  direction  nearly  east  and  west,  with  a  transverse  breadth  of 
from  400  to  800  feet,  and  includes  three  hills,  separated  by  two 
valleys  running  north  and  south.  These  hills  are  due  to  a  great  ridge 
of  eruptive  rock,  apparently  dolerite,  which,  although  now  broken 
through  by  the  valleys,  was  probably  once  continuous,  and,  having 
a  curved  form,  has  evidently  served  to  protect  the  ore-bearing  strata, 
which  both  on  the  east  and  west  have  been  eroded  and  swej)t  awa}' 
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in  past  geological  ages.  The  ore  is  found  in  nearly  horizontal  beds, 
sometimes  slightly  contorted,  and  associated  with  layers  of  a 
greenish  granular  silicate,  approaching  hornblende  in  composition, 
and,  more  rarely,  with  a  chloritic  mineral  or  with  serpentine.  Besides 
these  minerals,  iron  pyrites,  which  is  sometimes  cobaltiferous,  copper 
pyrites,  malachite  and  red  oxide  of  copper  are  occasionally  met  with. 
The  facilities  for  mining  are  very  great,  the  horizontal  layers  being 
worked  ia  successive  benches,  forming  Avide  terraces  on  the  hill 
side,  accessible  to  railways  and  locomotives.  Into  the  middle  hill 
two  borings  have  been  sunk  to  depths  respectively  of  240  and  335 
feet  below  water  level,  the  whole  distance  being  in  iron  ore.  The 
strata  here  offer  but  gentle  inclinations,  so  that  these  measurements 
do  not  materially  exaggerate  the  real  thickness  of  the  immense 
mass  of  ore  lying  beneath  the  surface.  The  Cornv^all  Ore  Bank 
has  been  one  of  the  mos't  productive  iron  mines  in  the  United 
States,  and  in  1880  produced  no  less  than  280,000  tons  of  ore, 
worth  $500,000,  and  employed  135  miners.  In  1889  it  produced 
769,020  tons,  its  total  production  up  to  that  date  having  been 
over  ten  millions  of  tons. 

But  few  localities  from  which  iron  ores  are  obtained  in  the 
United  States  possess  a  higher  degree  of  interest  than  the  deposits 
in  the  Archaean  rocks  of  Missouri,  amongst  which  the  masses,  chiefly 
of  specular  iron  ore,  worked  at  Iron  Mountain  and  Pilot  Knob  are 
most  conspicuous.  There  are  also  numerous  beds  of  brown  hsema- 
tite  in  the  Palaeozoic  strata  capable  of  furnishing  large  quantities 
of  good  ore,  some  of  which  are  being  more  or  less  actively 
wrought. 

The  Iron  Mountain,  Saint  Francois  County,  is  the  largest 
deposit  of  iron  ore  in  Missouri,  and  is  surrounded  by  hills  com- 
posed mainly  of  the  normal  brown  porphyry  of  the  district.  A 
zone  of  red  porphyry  frequently  mixed  with  iron  ore  runs  along  the 
northern  side  of  the  Iron  Mountain,  and  separates  the  ore  deposit 
from  the  brown  porphyry  on  the  other  side.  In  the  eastern  portion 
of  the  zone  the  porphyry  is  partially  decomposed,  whilst  at  one 
point,  near  its  contact  with  a  blue  porphyry,  it  occurs  in  distinct 
layers  several  inches  in  thickness,  and  has  been  sometimes  mis- 
taken for  a  limestone.  The  whole  surface  of  the  Iron  Mountain 
is  covered  with  surface  ore  of  a  similar  character  to  that  of  the 
deposit  itself.  The  main  body  of  the  hill  consists  of  a  loose  clayey 
mass  of  decomposed  porphyry,  known  as  IJuff  (the  mullock  of 
Australian  miners),  which  is  cut  into  two  nearly  equal  portions 
by  a  vein  of  specular  iron  ore  of  from  forty  to  sixty  feet  in  thick- 
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ness,  striking  N.  53°  E.  This  vein  is  known  as  the  hackhone  of  the 
Iron  Mountain,  but  the  blioff  also  contains  numerous  veins  of  from 
half  an  inch  to  ten  feet  in  thickness,  crossing  the  rock  in  various 
directions.  The  limits  between  these  veins  and  the  country  rock 
are  sharply  and  well  defined.  The  ore  of  the  Iron  Mountain  is 
very  pure  and  almost  free  from  mechanical  admixtures  of  foreign 
matter.  Certain  extraneous  substances,  however,  occasionally  occur 
in  it,  such  as  fragments  of  porphyry,  with  crystals  of  apatite 
and  quartz;  The  ore  contains,  on  an  average,  67  per  cent, 
of  iron. 

In  the  accompanying  section  of  Iron  Mountain,^  Fig.  123,  a 
represents  country  rock,  h  iron  ore,  and  c  a  fault. 

In  1879-1880  the  Iron  Mountain  employed  300   miners,  and 


Fig.  123. — Iron  Mountain;   vertical  section. 


produced  144,153  tons  of  ore,  worth  $1,061,801  ;  a  value  greater 
than  that  of  the  jaroduction  of  any  other  mine  in  the  State. 

Pilot  Knob  (see  also  page  49)  is  a  conical  hill  of  nearly  circular 
form,  having  a  diameter  at  the  base  of  about  one  mile.  The  rock  is 
composed  chiefly  of  more  or  less  massively  bedded  porphyries, 
porphyry-conglomerates,  and  beds  of  hard  specular  iron  ore,  all  of 
which  are  somewhat  tilted.  Their  strike  is  about  N.  50°  W.,  and  their 
dip  towards  the  S.W.  The  top  of  the  Knob  consists  of  stratified 
porphyry-conglomerate,  with  a  thickness  of  140  feet.  This  con- 
glomerate is  made  up  of  pebbles  of  porphyry  cemented  together  by 
iron  ore,  and  also  contains  frequent  independent  layers  and  bodies 

1  Pumpelly  and    Schmidt,    "Iron   Ores   of    Missouri,"    Gcoloykal  Survey  of 
Missoitri,  1873,  p.  10. 
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of  ore.  The  ore  bed  lies  at  the  bottom  of  the  conglomerate  series, 
has  a  vertical  thickness  of  forty- six  feet,  and  is  divided  into  two 
beds  by  a  slate  seam  varying  from  ten  inches  to  three  feet  in  thick- 
ness. This  seam,  which  is  very  persistent,  lies  thirty-one  feet  above 
the  floor  of  the  lower  ore  bed.  The  upper  ore  bed  is  more  variable 
in  thickness,  havinof  a  regular  floor,  but  no  well-defined  roof.  This 
bed  of  ore  extends  over  an  area  of  about  200,000  superficial  yards. 
The  Pilot  Knob  ore  differs  somewhat  from  most  other  specvilar 
iron  ores  in  its  colour  being  either  steel  gray  or  pearl  gray,  with  a 
very  marked  tint  of  blue.  Its  lustre  is  faint  and  scarcely  sub- 
metallic,  whilst  the  structure  is  either  crystalline  or  granular.  The 
ore  from  below  the  slate  seam  contains  an  average  of  60  per  cent, 
of  iron  whilst  that  above  it  averages  about  53  per  cent,  of  that 
metal.  During  the  tenth  census  year.  Pilot  Knob  produced  52,761 
tons  of  iron  ore,  worth  Si  15,993,  and  gave  employment  to  410 
miners. 

In  the  decomposed  porphyry  of  Iron  Mountain  the  ore  often 
occurs  in  detached  masses,  which  may  possibly  be  segregations 
from  a  state  of  general  diffusion  throughout  the  rock.  At  Pilot 
Knob,  on  the  contrary,  the  ore  is  distinctly  bedded,  and,  although 
regarded  by  some  who  have  studied  the  deposit  as  an  impregnation 
of  bedded  porphyries,  it  is  more  probably  a  liighh^  metamorphosed 
stratified  deposit  of  iron  ore.  The  extensive  occurrence  of  beds  of 
red  haematite,  known  as  fossil  ore  of  Clinton  (Upper  Silurian)  age, 
has  already  been  described  {see  page  48).  These  ores  are  known 
over  no  less  than  nine  States,  namely,  Wisconsin,  Ohio,  Kentucky, 
New  York,  Pennsylvania,  Virginia,  Tennessee,  Georgia  and 
Alabama. 

The  Huronian  rocks  of  North  America  contain  large  masses  of 
valuable  iron  ores,  particularly  in  the  Southern  Atlantic  States, 
and  on  the  South  shore  of  Lake  Superior.  In  the  Southern 
States  the  rocks  containing  the  pyrites  beds  of  Ducktown  also 
enclose  beds  of  magnetite,  but  they  are  of  comparatively  little  in- 
dustrial importance.  On  the  other  hand,  the  Huronian  deposits 
of  the  Lake  Superior  region  are  the  most  productive  in 
America.  The  iron-bearing  rocks  of  Lake  Superior  (see  also 
page  46)  correspond  to  the  Huronian  system  of  Canada,  and 
consist  of  a  series  of  extensively  folded  beds  of  diorite,  quartzite, 
chloritic  schists,  clay  slates,  mica  schists,  and  graphitic  shales, 
amongst  which  are  intercalated  extensive  beds  of  several  varieties 
of  iron  ore.  One  of  the  most  extensive,  regular,  and  typical 
deposits  of  ore  in  the  whole  region  is  at  the  Champion  Mine,  thirty- 
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three  miles  west  of  Marquette.  The  strike  is  here  a  few  degrees  S. 
of  W.,  the  dip  68"  N.,  and  the  general  form  of  the  deposit  that 
of  a  huge  lenticular  mass.  The  eastern  portion  of  this  is  a  black 
magnetic  ore,  whilst  the  western  consists  of  a  specular  slaty  ore  con- 
taining some  magnetite.  Minor  irregular  deposits  of  pure  ore, 
banded  ore  and  quartz,  together  with  magnesian  schists,  alternate 
and  form  a  comparatively  regular  deposit.  Overlying  the  ore  on 
the  north  side  is  a  hanging  wall  of  gray  quartzite,  and  immediately 
soath  of  it  is  a  banded  quartzose  rock  containing  oxide  of  iron. 
jSext  towards  the  south,  and  overlying  the  whole  formation,  is  a 
bed  of  diorite.  In  1880  this  mine  produced  99,609  tons  of  ore, 
worth  .'^^355,748,  and  employed  350  miners.  Granular  and  compact 
varieties  of  magnetic  iron  ore  occur  at  the  Michigamme  Mine. 
The  ore  bed  is  from  seven  to  thirty-five  feet  in  thickness,  and 
extends  for  a  great  distance.  The  production  during  the  census  year 
was  66,158  tons,  worth  $212,652,  and  197  miners  were  employed. 
The  most  productive  undertaking,  working  deposits  of  a  similar 
class,  in  this  region  is  the  Republic  Mine,  which  in  1880  pro- 
duced 224,000  tons  of  ore,  worth  .$896,000,  and  employed  600 
men.  This  is  one  of  the  largest  masses  of  ore  in  the  United 
States. 

One  of  the  most  extensive,  productive,  and  geologically  in- 
teresting deposits  in  the  Marquette  Region  is  the  Lake  Superior 
Mine.  The  structure  of  the  eastern  half  of  this  deposit  is  more 
complicated  than  that  of  any  other  in  the  district,  and  some 
questions  connected  with  it  still  remain  unsolved.  In  the  western 
half  is  an  ore-basin  or  trough,  which  abruptly  narrows  towards  the 
west.  The  outcropping  edges  of  this  basin  diverge  rapidly,  and 
its  bottom  falls  in  the  same  way,  showing  the  deposit  not  to  be  a 
vein  but  a  stratified  bed  similar  to  those  of  the  enclosing  rocks. 
In  the  eastern  half  there  has  been  such  a  gathering  together, 
crumpling,  squeezing,  and  breaking  up  of  the  strata,  as  to  nearly 
obliterate  the  stratification,  and,  instead  of  the  quartzite  hitherto 
found  overlying  all  these  deposits  of  rich  ore,  there  is  here  a 
magnesian  schist.  The  Lake  Superior  Mine  produced,  in  1879- 
1880,  215,930  tons  of  iron  ore,  Avorth  .$771,180,  and  emjDloyed 
542  men. 

The  centre  of  the  Menominee  iron  region  is  about  fifty  miles 
south-west  of  Marquette, and  the  same  distance  north  of  Menominee. 
The  ores  in  this  region  occur  in  two  parallel  belts  running  east 
and  west,  separated  by  a  broad  granitic  area.  Ihe  southern  belt 
is  probably  the  most  regular,  and  one  of  the   most  extensive  iron 
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deposits  on  the  Upper  Peninsula.  Like  their  equivalents  in  the 
Marquette  region,  the  ore  strata  of  the  Menominee  district  usually 
conform  in  their  strike  with  the  general  trend  of  the  beds,  and  dip 
at  high  angles.  In  the  tenth  census  year  the  county  of  Marquette, 
Michigan,  alone  produced  l,37-t,812  tons  of  iron  ore,  a  total  more 
than  double  that  of  any  other  county  in  the  United  States,  or 
17'25  per  cent,  of  the  entire  production  of  the  country.  Other 
important  deposits  occur  in  the  Mesabi,  Gogebic  and  Vermilion 
ranges,  all  of  which  form  part  of  the  Lake  Superior  district.  The 
following  table  ^  shows  the  shipments  from  each  of  five  divisions  of 
that  district  during  1894  : — 

Tons. 
Marquette  Range        ....     2,058,683 

1,139,273 


Menominee  Range 
Gogebic  Range 
Vermilion  Range 
Mesabi  Rangre    . 


1,810,290 

948,ol4 

1,792,172 


Total 7,748,932 

Brown  haematite  is  widely  distributed  in  the  United  States, 
large  deposits  of  this  mineral  occurring  in  the  Palaeozoic  limestones 
of  Tennessee,  North  Carolina  and  North-western  Georgia.  The 
lignites  of  New  Mexico,  Colorado  and  Montana  are  often 
accompanied  by  bro^vn  haematite  resulting  from  the  decomposition 
of  clay  ironstones.  This  is  also  the  case  in  Alabama  and  the 
Appalachian  region,  and  amongst  the  Carboniferous  iron  ore  deposits 
of  Ohio,  Indiana  and  Kentucky.  Limonite  occurs  in  dolomite 
associated  with  zinc  ores  in  Arkansas,  and  Texas  is  also  abundantly 
supplied  with  ores  belonging  to  this  class.  In  the  latter  State 
flat-lying  deposits  of  brown  haematite,  of  comparatively  recent  age, 
which  may  best  be  classed  as  bog  iron  ore,  are  extensively  worked 
near  New  Birmingham.  The  principal  deposit  of  spathic  iron  ore 
in  the  United  States  is  at  Roxbury,  Connecticut,  where,  in 
association  with  quartz,  it  occurs  in  a  vein  traversing  gneiss. 
Blackband  ironstone  is  of  subordinate  importance  in  America, 
but  has  been  found  in  the  Coal-measures  of  Western  Pennsylvania. 
Earthy  carbonates  of  iron  ore  are  abundant  in  Pennsylvania, Western 
Virginia,  and  Ohio.     The  following  table   shows  the  quantity  of 

1  2'he  Mineral  Industry,  iii.  1894,  p.  378. 
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each  kind  of  ore  raised   in   the   United  States  in  the  years  1880, 
1889,  and  1894  :— 

Table  showing  the  Quantities  of  various  kinds  of  Iron  Ores  produced 
IX  THE  Years  1880,  1889,  and  1894. 


Ore. 

1S80. 

1SS9. 

1894. 

Magnetite 

Red  H:eiiiatite     .    .    . 
Brown  Hteniatite     .    . 
Spathic  ore 

Long  tons. 
2,134,276 
2,243,993 
1,918,622 
823,471 

Long  tons. 
2,506,415 
9,056,288 
2,523,087 
432,251 

Long  tons. 
1,280,000 
8,660,000 
1,820,000 
120,000 

Totals 

7,120,362 

14,518,041 

11,880,000 

In    the    followino-    table    the    various    iron-miuino-  States  are 
arranged  in  the  order  of  their  jDroduction  : — 

Production  of  Iron  Ore  in  the  United  States  during  the  Year  1 879-1880.  ^ 


-1 

O  a:  to 

"^  s 

h---- 

Total  product. 

Value  of 
Product. 

Total 

Xame  of  Slate. 

"a  5  3 
"oft 

Tons  of 
2,000  lbs. 

number  of 
employes. 

;5"g 

X 

1 

Pennsylvania .     . 

34 

358 

2,185,675 

5,517,079 

8,733 

2 

Michigan    .     .     . 

2 

43 

1,834,712 

6,034,648 

5,562 

3 

New  York. 

12 

78 

1,262,127 

3,654,422 

4,675 

4 

New  Jersey    . 

6 

109 

757,372 

2,910,442 

4,811 

5 

Ohio      .... 

8 

30 

547,303 

1,269,530 

1,716 

6 

Missouri     . 

8 

48 

386,197 

1,674,875 

1,893 

7 

Alabama    . 

10 

17 

191.676 

201,865 

738 

8 

Virginia 

9 

26 

182,326 

439,886 

939 

9 

Marvland  . 

5 

13 

1.39.628 

421,691 

329 

10 

Tennessee  .     .     . 

12 

34 

1114,465 

147,181 

552 

11 

Georgia 

3 

1 

91,416 

143,622 

342 

12 

Kentuckv  . 

4 

5 

64,809 

165,905 

325 

13 

Massachusetts     . 

1 

9 

62,637 

226,130 

382 

14 

West  Virginia 

6 

8 

61,216 

101,557 

266 

15 

Wisconsin  . 

2 

2 

41,440 

73,000 

62 

16 

Connecticut    .     . 

1 

4 

35,018 

147,799 

200 

17 

Oregon  .... 

1 

1 

6,972 

4,669 

14 

18 

Maine    .... 

1 

1 

6,000 

9,000 

20 

19 

Texas     .... 

1 

— 

3,600 

8,100 

— 

20 

North  Carolina    . 

6 

9 

3.318 

5,285 

47 

21 

Delaware    . 

1 

2 

2,726 

6,553 

47 

22 

Vermont     . 

1 

1 

560 

2,750 

15 

23 

Indiana. 

1 

— 

513 

1,018 

■ — ■ 

Totals.    .     . 

135 

805 

7,971,706 

23,168,007 

31,668 

1  Censm  Bulletin ,  No.  271'. 
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A  small  amount  of  ore  raised  ia  Colorado  is  omitted,  as  it  is  used 
as  a  flux,  and  does  not,  as  yet,  affect  the  iron  manufacturing  industr)^ 
In  several  of  the  States,  especially  Texas  and  Indiana,  soft  ores  are 
obtained  from  surface  diggings.  These  are  raised  by  farmers, 
during  the  intervals  of  agricultural  employment,  and  the  product 
drawn  by  farm  teams  to  the  nearest  furnace  and  sold. 

The  following  table  ^  shows  the  amounts  and  values  of  the  iron 
ores  jDroduced  in  each  State  and  Territory  of  the  Union  during  the 
eleventh  census  year : — 
Productiox  and  Value  of  Iron  Ores  ix  1889  by  States  and  Territories. 


States  and  Territories. 


Weight. 


Alabama 

Colorado 

Connecticut,  Elaine  and  Massachusetts 

Delaware  and  Maryland 

Georgia  and  North  Carolina     .... 

Idaho  and  Montana 

Kentucky 

Michigan 

Minnesota 

Missouri 

New  Jersey 

New  Mexico  and  Utah 

New  York 

Ohio • 

Oregon  and  Washington 

Pennsjlvania 

Tennessee 

Texas      

Virginia  and  West  Virginia      .... 
Wisconsin 

Totals 


Long  tons. 

1,570,319 

109,136 

88,251 

29,380 

258,145 

24,072 

77,487 

5,856,169 

864,508 

265,718 

415,510 

36,050 

1,247,537 

254,294 

26,283 

1,560,2.34 

473,294 

13,0(X> 

511,255 

837,399 


1,511,611 

487,433 

265,901 

68,240 

334,025 

158,974 

135,559 

15,800,521 

2,478,041 

561,041 

1,341,543 

70,956 

3,100,216 

5.32,725 

39,2.34 

3,063,5.34 

606,476 

19,750 

935,290 

1,840,908 


14,518,041 


33,351,978 


The  following  table  ^  gives  the  total  production  of  iron  ores  and 

of  pig-iron  in  the  United  States  in   the  years  1890-94.     Some  of 

the  latter  may  be  made  from  imported  ore,  but,  on  the  other  hand, 

some  of  the  ore  raised  is  converted  direct  into  malleable   iron,  and 

otherwise  not  used  in  pig-iron  production : — 

,-  Iron  Ore.  Pig  Iron, 

^  ®*^'-  Tons.  Tons. 

1890  .  .  ,  16,0:J6,043  .  .  .  9,202,702 

1891  .  .  .  14,.591,178  .  .  .  8,279,870 

1892  .  .  .  1G,29G,66G  .  .  .  9,157,000 

1893  .  .  .  11, .587.029  .  .  .  7,124,502 

1894  .  .  .  11,880,000  .  .  .  6,657,388 


1  Eleventh  Census  of  the  United  States,  "  Mineral  Industries, 
-  The  Mineral  Imlustry,  iii.  1894,  p.  358. 


1890,  p.  4. 
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OTHER  MINERALS. 

Manganese. — Ores  of  manganese  are  mined  in  various  States, 
chiefly  in  the  East.  Franklinite,  occurring  in  New  Jersey,  has 
ah'eady  been  referred  to  as  a  zinc  ore  ;  it  is  also  utilised  in  the 
manufacture  of  spiegeleisen.  In  Virginia  irregular  masses  of 
psilomelane  and  pyrolusite  occur  in  beds  of  clay,  the  ore  being 
apparently  a  residual  product  of  the  decomposition  of  some  rock, 
as  is  often  the  case  with  manganese  ores.  Somewhat  similar 
deposits  occur  in  Arkansas.  California,  Colorado  and  Georgia  also 
produce  ores  of  manganese.  The  production  ^  of  the  United  States 
for  the  years  1890-9-i  has  been : — 


Year. 

1890 
1891 
1892 
1893 
1894 


Weight. 
Long  tons. 

Value. 

$ 

.     .     .     18,787     .     . 

.     .     158,585 

.     .     .     22,437    .     . 

.     .     191,013 

.     .     .     18,937     .     . 

.     .     154,582 

.     .     .       9,150     .     . 

.     .       60,000 

.     .     .     11,735     .     . 

.     .       74,890 

Nickel  and  Cobalt. — These  metals  are  raised,  but  to  a  very 
limited  extent.  The  best  known  deposit  is  at  Lancaster  Gap,  in 
Pennsylvania,  where  nickel-bearing  pyrrhotite  occurs  at  the  contact 
of  an  apparently  eruptive  rock  with  mica  schist ;  other  ores,  such  as 
millerite,  also  occur.  This  mine  was  closed  down  about  1891. 
In  Churchill  County,  Nevada,  small  fissure  veins  carrying  the 
arsenides  of  nickel  and  cobalt  have  been  worked  for  some  j^ears. 
At  Mine  Le  Motte,  in  Missouri,  jay  rites  containing  nickel  and 
cobalt  is  got  in  some  of  the  lead  mines.  The  amount  of  nickel 
produced  is  uncertain  ;  it  would  seem  that  about  eleven  tons  of 
nickel  were  obtained  from  ores  raised  in  the  United  States 
in  1893. 

Chrome  Iron  Ore. — The  existence  of  this  ore  in  the  United 
States  has  been  known  since  about  1823,  when  it  was  discovered 
in  Baltimore  County,  Maryland,  and  soon  after  in  Pennsylvania, 
in  both  of  which  States  it  has  been  mined.  About  fifty  years 
later  it  was  discovered  in  California,  where  it  is  widely  distributed, 
and  whence  practically  the  whole  of  the  United   States  product 


1   The  Jlineral  Industry,  iii.  1894,  p.  448. 
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is  obtained.  It  always  occurs  in  serpentine,  the  extensive 
development  of  this  rock  in  California  accounting  for  the  numerous 
deposits  of  chrome  iron  ore  in  that  State.  In  1894  ^  the  production 
was  2,653  long  tons,  worth  835,125. 

Platinum  together  with  osmium,  iridium,  and  other  metals 
of  the  platinum  group  occur  in  the  gold-bearing  deposits  of  the 
west,  and  especially  in  beach  deposits  (see  page  27).  About 
500  oz.  of  the  crude  material,  worth  some  $2,000,  were  obtained  in 
1889., 

The  following  table  shows  the  amounts  and  values  of  metalliferous 
minerals,  &c.,  produced  in  the  year  1882  : — 

General  Summary  of  the  Productiox  of  Metals,  &c.,  ix  the  United  States 
DURixo  the  Year.  1882. 


Metal  or  ore. 

Quantity. 

Value. 

Pig  iron 

Gold              

4,623,323  tons 
1,572,186  oz. 
36,197,695  ,, 
45,823  tons 
132,890     ,, 

106,336,429 
32,500,000 
46,800,000 
16,038,091 
12,624,550 

£ 
21,267,286 
6,500,000 
9,360,000 
3,207,618 
2,524,910 
729,324 
297,507     1 
61,955 
3,000 
2,450 
10,500     ■■ 
20,000 

Silver 

Copper     

Lead 

Zinc  .    .        .            .... 

33,765     ,,               3,646,620 

4,033,998  lbs.              1,487,537 

140  tons               309,777 

—                             15,000 

60     ,,                    12,000 

3,500     ,,                    52,500 

2,500     „      '             100,000 

Quicksilver 

Nickel .        

Cobalt 

Antimony 

Manganese  ore 

Chrome  iron  ore     .... 

Total  value  of  metals,  &c.,  produced  in  1882       219,922,504 

43,984,550 

The  above  table  has  been  compiled  from  a  report  ^  by  Mr.  A. 
Williams,  of  the  U.S.  Geological  Survey.  In  most  cases  the  number 
of  tons  of  ore  mined  is  not  given,  but  it  is  stated  that  9,000,000 
tons  of  iron  ore,  worth  832,400,000,  were  obtained  during  the  year. 

The  following  table  shows  the  production  of  metals  and  of 
certain  metallic  minerals  during  the  years  1889  ^  and  1895* 
respectively  : — 

1  The  Mineral  Imlmtry,  1894,  p.  121. 

2  The  Mineral  Resources  of  the  United  States,  Washington,  1883. 

3  Eleventh  Census  of  the  United  States,  "Mineral  Industries,"  1890,  p.  xv. 

*  David  T.Day.   "  BiUletin  of  Division  of  Mineral  Resources."  Mininy  Journal, 
1896,  p.  1,099. 
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Summary  of  the  Productiox  of  Metals,  &c.,  ix  the  United  States  durin(4 
THE  Years  1889  and  1895. 


iletal  or  ore. 


Pig  iron  . 
Gold  .  .  . 
Silver  .  . 
Copper .  . 
Lead .  .  . 
Zinc  .  .  . 
Quicksilver 
Nickel  .  . 
Antimony 
Platinum  . 
Manganese  ore 
Chrome  iion  ,, 
Cobalt  oxide  . 
Pyrites      .    .    . 


Units  of  weight. 


Long  tons  . 
Troy  ounces 

Short  tons 


Flasks  of  76i  lbs, 
Pounds    .    . 
Short  tons . 
Troy  ounces 
Long  tons  . 

Pounds    .    . 
Long  tons  . 


Quantities. 


7,603,642 

1,590,869 

51,3.54,851 

231,246 

182,967 

58,860 

26,484 

252,663 

115 

500 

24.197 

2,000 

13,955 

93,705 


9,446,3081 

2,254,760 

55,727,000 

190,553 

161,440 

89,686 

36,104 

10,302 

450 

150 

9,547 

1,740 

14,458 

99,549 


20,000,000 

32,886,7442 

66,396.988^ 

26,907,809 

16,137,689 

5,791,824 

1,190,-500 

151,598 

28,000 

2,000 

240,559 

.30,000 

31,092 

2(12,119 


105,198,550 

46,610,000- 

72,051,000'^ 

38,682,-347 

10,655,040 

6,278,020 

1,.3.37,131 

3,091 

68,000 

900 

71,769 

16.795 

20,675 

322,845 


Total  value  of  the  production  in  1889 269,996,922  [     — 


1895 


—        1281,316,163 


The  commercial  value  of  silver  is  about  one-half  of  its  coining 
value. 

DOMINION  OF  CANADA. 


Canada. 

The  jDrincipal  metallic  and  metalliferous  productions  of  Canada 
are  gold  and  silver,  with  copper,  nickel  and  iron  ores  ;  but  various 
other  minerals,  such  as  iron  pyrites,  blende  and  galena,  likewise 
occur  in  considerable  quantities,  as  does  also  ajoatite,  which  is 
mined  for  the  manufacture  of  artificial  manures.  Although,  how- 
ever, these  minerals  sometimes  occur  in  comparatively  large 
quantities,  Canada  can  scarcely  be  regarded  as  a  metalliferous 
country  of  exceptional  richness. 

Gold. — The  existence  of  gold  in  the  sands  of  the  Chaudiere 
Valley  was  first  made  know^n  in  the  year  1835  by  Lieutenant 
Baddeley,  R.E.,  and  since  that  period  repeated  examinations  have 
shown  that  this  metal  is  by  no  means  confined  to  the  district  in 
question,  but  that  it  exists  in  the  superficial  deposits  of  a  wide 
region    on     the    south    side    of    the     St.     Lawrence,    extending 

1  Representing  15,957,614  tons  of  ii'on  ore,  worth  at  the  mines  .§18,219,684. 
-  Coining  value  |20-6718  per  oz.  ^  Coining  value  §1-2929  per  o/,. 
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from  the  St.  Francis  to  the  Etchemin  Rivers,  and  from  the 
first  line  of  hills  on  the  north-west  to  the  limits  of  the  pro- 
vince on  the  south-east.  The  orio-inal  source  of  the  gold  would 
appear  to  be  the  crystallised  schists  of  the  Notre  Dame  Range, 
the  materials  derived  from  the  disintegration  of  these  rocks 
not  only  constituting  the  superficial  material  among  the  hills 
of  this  range,  but  also  spreading  over  a  considerable  area  to  the 
south  of  them.  The  same  gold-bearing  rocks  may  be  traced 
in  a  south-Avesterly  direction,  along  the  great  Appalachian  Chain, 
to  the  Southern  United  States.  Gold  has  also  been  found  in 
Canada  associated  with  galena,  blende  and  pyrites,  enclosed  in 
well-defined  quartz  veins  intersecting  slates  which  are  believed  to 
be  of  Silurian  age.  At  Nutbrown's  Shaft,  situated  in  the  township 
of  Leeds,  masses  of  gold,  each  weighing  several  dwt.,  were  found 
associated  Avith  copper  glance  and  specular  iron  ore,  in  a  vein 
mainly  consisting  of  a  ferruginous  bitter  spar  ;  small  scales  of  the 
same  metal  have  also  been  found  in  the  enclosing  country  rock. 
The  rocks  of  this  locality  belong  to  the  Quebec  group,  but  the 
precious  metal  has  rarely  been  found  in  place,  and  in  Canada 
the  working  for  it  has  been  almost  entirely  confined  to  various 
superficial  deposits  of  clay,  sand  and  gravel. 

Gold  is  found  very  generally  disseminated  throughout  the 
alluvial  deposits  of  the  region  of  which  the  limits  have  been 
roughly  defined  above,  and  is  not  restricted  to  the  river  beds, 
as  the  forces  which  distributed  the  auriferous  gravels  were  evi- 
dently anterior  to  the  formation  of  the  present  water-courses  of 
the  country.  When  the  lighter  portions  of  the  gold-bearing- 
gravels  have  been  removed  by  washing,  the  residue  is  found  to 
contain  a  large  quantity  of  black  ferruginous  sand,  consisting 
of  a  mixture  of  magnetite,  ilmenite,  chromite  and  hjEmatite,  with 
occasional  small  crystals  of  garnet,  rutile  and  zircon.  The  grains 
of  gold  are  sometimes  angular,  but  are  more  frequently  much  water- 
worn,  and  vary  in  size  from  nuggets  weighing  several  ounces  to  the 
finest  dust-like  scales. 

Gold  has  been  found  in  the  St,  Francis  River  from  the  vicinity 
of  Melbourne  to  Sherbrooke,  in  the  townships  of  Westbury,  Weedon 
and  Dudswell,  and  on  Lake  St.  Francis.  It  has  also  been  dis- 
covered on  the  Etchemin,  and  on  the  Chaudiere  and  nearly  all  its 
tributaries,  from  the  seigniory  of  St.  Mary  to  the  frontier  of  the 
State  of  Maine,  including  the  Bras,  the  Guillaume,  the  Riviere 
des  Plantes,  the  Famine,  the  DuIoujd,  and  the  Metgermet.  Several 
attempts  to  work  auriferous  alluvial  deposits  have  been  made  in 
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the  seigniories  of  Vaudreuil,  Aubert-Gallion,  and  Aubert  de  I'lsle, 
but  have  all  been  successively  abandoned.  The  country  people, 
however,  still  attempt,  from  time  to  time,  the  washing  of  the  gravel, 
generally  by  means  of  a  pan,  and  are  occasionally  rewarded  by  the 
discovery  either  of  a  little  coarse  gold  or  of  a  small  nugget.  In  the 
years  1851  and  1852  an  experimental  gold-washing  on  a  somewhat 
considerable  scale  was  carried  out  on  the  Riviere  du  Loup,  near  its 
junction  with  the  Chaudiere.  The  system  of  washing  adopted 
closely  resembled  that  employed  in  Cornwall  for  tin-streaming, 
but  during  the  summer  months  the  supply  of  water  was  occa- 
sionally very  limited.  In  this  way  about  three-eighths  of  an  acre 
were  washed  away  yielding  105  oz.  7  dwt.  of  gold,  of  which  eight 
oz.  were  in  the  form  of  fine  dust  mixed  with  about  a  ton  of 
black  iron  sand,  the  residue  of  the  washings.  Several  nuggets 
weighing  over  an  ounce  were  obtained,  and  the  total  value  of  the 
gold  collected  was  $1,829,  whilst  the  expenditure  amounted  to  only 
$1,143,  leaving  a  gross  profit  of  $686. 

In  1852  about  five-eighths  of  an  acre  of  gravel  were  washed 
near  this  locality,  and  the  total  amount  of  gold  obtained  was 
144  oz.,  valued  at  $2,496.  Of  this  quantity  15  cz.  7  dwt.  were  in 
the  form  of  dust  mixed  with  iron  sand,  whilst  another  portion  was 
in  the  form  of  nuggets.  Nine  of  the  largest  of  these  weighed, 
together,  23  oz.  8  dwt. ;  of  these  the  smallest  weighed  11  dwt.  and 
the  largest  6  oz.  7  dwt.  A  little  platinum  and  iridosmine  were 
also  obtained,  but  the  quantity  of  these  Avas  small.  The  profit 
resulting  from  this  operation  amounted  to  $608,  but  a  portion  of 
the  expenditure  was  for  the  construction  of  a  wooden  flume  for 
bringing  water  from  a  distance  of  about  900  feet.  As  this  would 
be  available  for  several  successive  years,  a  proper  allowance  made 
for  it  would  increase  the  profit  to  about  $680.  It  consequently 
appears  that  from  an  acre  of  gravel  having  an  average  thickness 
of  two  feet  there  was  taken  gold  of  the  value  of  $4,323,  whilst  the 
cost  of  labour,  after  deducting  all  expenses  not  directly  incurred  in 
gold- washing,  was  $2,957,  leaving  a  gross  profit  of  $1,366.  The 
fineness  of  the  gold-dust  obtained  was  871.^ 

The  rocks  upon  which  the  gold-bearing  gravels  of  Lower 
Canada  usually  rejjose  contain  various  reefs  or  bands  of  quartz, 
which  generally  follow  the  direction  of  their  stratification,  namely 
north-east  and  south-west. 

Although  these  veins  present  numerous  outcrops,  both  they  and 
their  enclosing  rocks  are  more  frequently  concealed  by  a  covering 
1  Geologkal  Survey  of  Canada :  Report  of  Pro fjr ess,  Montreal,  1863,  p.  741. 
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either  of  vegetable  soil  or  of  superficial  drift.  These  veins  would 
appear  to  be  most  plentiful  in  the  slates  and  sandstones  of  the 
Quebec  group,  but  their  thickness  and  aspect  are  extremely 
variable.  The  quartz  is  generally  white,  but  is  sometimes  coloured 
by  oxide  of  iron  resulting  from  the  decomposition  of  pyrites,  which 
often  leaves  cavities,  imparting  to  the  mass  a  somewhat  cavernous 
structure.  Some  of  these  veins  are,  on  the  one  hand,  composed 
almost  entirely  of  quartz,  whilst  others,  on  the  other,  contain 
various  metallic  sulphides,  such  as  iron  pyrites,  chalcopyrite,  galena, 
blende,  &c.,  with  frequently  a  little  gold.  The  auriferous  cpartz 
veins  of  Lower  Canada  exhibit  no  unusual  features,  and  it  is 
believed  that  at  the  present  time  none  of  them  are  being  worked 
for  gold,  although  preparations  have  recently  (1892)  been  made 
for  erecting  a  small  stamp  mill  near  the  junction  of  the  Du  Loup 
and  Chaudiere  rivers. 

Mr.  A.  Michel,  who  reported  in  1S66  upon  the  gold-fields  of 
Lower  Canada,  states  that  the  acquisition  by  American  companies 
of  a  great  part  of  the  auriferous  lands  along  the  borders  of  the 
rivers  Chaudiere,  Famine,  Du  Loup,  and  their  numerous  tribu- 
taries, as  well  as  the  sale  made  by  the  Messrs.  De  Lery  to  another 
company  of  the  mining  rights  of  the  seigniory  of  Vaudreuil 
(Beauce),  might  have  been  expected  to  have  given  an  impulse  to 
the  working  for  gold  in  this  district.  Such,  however,  had  not  been 
the  case,  none  of  the  companies,  since  their  organisation,  having 
undertaken  any  serious  explorations  of  their  properties,  whilst 
at  the  same  time  the  country  people  had  abandoned  their  search 
for  alluvial  gold,  and  the  influx  of  strangers  (who  came  there  for 
the  same  purpose  in  great  numbers  in  1864)  had  entirely  ceased 
in  1865.^  After  a  long  period  of  stagnation,  active  work  was  re- 
sumed in  the  Chaudiere  gold  district  in  1892.  On  the  Gilbert 
River,  pay  gravel,  six  feet  thick,  and  averaging  875,000  per  acre 
in  value,  was  opened  up  during  that  year.-  The  entire  province 
of  Quebec  produced  721  oz.,  worth  812,987,  in  that  year.  The 
best  year  in  this  district  was  1881,  when  gold  to  the  value  of 
856,661  was  won;  then  the  output  rapidly  fell  off,  till  it  was 
worth  only  about  82,000  in  1885,  and  it  continued  to  average 
about  this  amount  up  to  the  end  of  1891,  when  it  suddenly  rose 
again  to  the  figure  above  given. 

A  belt  of  gold-bearing  quartz  veins  is  stated  to  occur  thirty 
miles  north  of  Belville,  in   the  township  of  Marmora,    Ontario. 

^  Geological  Survey  of  Canada  :  Report  of  Progress,  Otta^^a,  1866,  p.  49. 
2  Geological  Survey  of  Canada  :  Annual  Report,  1893,  p.  143. 
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These  reefs  are,  for  the  most  part,  conformable  Avith  the  stratifi- 
cation, and  contain  gold  in  association  with  various  arsenical  sul- 
phides. The  Huronian  slates,  which  extend  a  considerable  distance 
north-west  of  the  head  of  Lake  Shabendowan,  are  of  special  interest 
as  containing  numerous  veins,  of  which  some  are  auriferous.  A 
larse  number  of  these  veins  has  been  discovered,  all  of  which 
have  an  east-north-east  direction  in  conformity  wdth  the  strike 
of  the  beds.  The  veinstone  consists  uniformly  of  quartz,  con- 
taining copper  pyrites,  in  which  the  gold  when  present  is  enclosed, 
or  it  is  disseminated  through  the  quartz  in  such  a  state  of  line 
division  that  its  particles  cannot  be  detected  by  the  aid  of  a  hand 
lens.i  The  veins  -  in  the  above  district,  and  in  many  others,  e.g., 
Madvy,  Sudbury,  and  Western  Algoma,  were  attracting  a  certain 
amount  of  attention  in  1892,  and  prospecting  was  being  ener- 
getically prosecuted.  The  production  of  reef  gold  Avas  only  365  oz., 
worth  $7,118,  but  an  increase  on  this  figure  was  expected  in 
the  near  future;  it  is  said  to  have  exceeded  $30,000  in  both  1893 
and  1894. 

Gold  mining  has  not,  however,  been  carried  on  with  any  degree 
of  activity  in  Canada  proper,  and  the  annual  production  of  gold 
is  not  considerable. 

Silver. — The  rocks  which  immediately  surround  Thunder  Bay, 
on  the  north  shore  of  Lake  Superior,  belong  to  the  so-called 
"  Lower  "  and  "  Upper  Copper-bearing  Series  "  of  Canadian  geo- 
logists. The  relations  existing  between  these  two  groups  have 
not  been  satisfactorily  determined,  and  the  age  of  both  is  still  a 
matter  of  opinion. 

TheUpper  Copper-bearing  Series  consists  essentially  of  dolomitic 
sandstones,  reddish  limestones,  indurated  red  and  yellowish  marls, 
red  sandstones,  and  conglomerates  with  interstratified  traps.  They 
nave  generally  been  regarded  as  corresponding  either  to  the 
Potsdam  Sandstone  or  to  some  of  the  lowest  members  of  the 
LoAver  Silurian  formation,  but  Mr.  E.  Bell,  of  the  Geological  Survey 
of  Canada,  some  years  since  put  forAvard  the  opinion  that  they  are 
really  of  Triassic  or  Permian  age.  This  view  of  the  question  is  not, 
however,  generally  accepted. 

The  LoAver  Copper-bearing  Series  is  Avell  exposed  on  the  north 
shore  of  Thunder  Bay,  and  extends  beyond  its  limits  as  far  Avest- 
ward  as  the  mouth  of  Pigeon  River.    The  series  consists,  in  ascend- 

1  H.  Allej-ne  Nicholson,  "  On  the  Geologj'  of  the  Thunder  Bay  and  Shaben- 
dowan Mining  Districts,"  Quart.  Jour.  Geol.  Soc.  xxix.  1873,  p.  16. 
-  Geoloijical  Survey  of  Canada  :  Annual  Report,  1893. 
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ing  order, of : — (1)  green  siliceous  conglomerates  containing  pebbles 
of  quartz,  jasper  and  slate ;  (2)  gray  and  black  chert-bands 
separated  from  one  another  by  thin  courses  of  dark  gray  dolomite  ; 
(o)  black  shales  and  flags  with  associated  hornblende  traps ;  (4) 
gray  argillaceous  sandstones  and  shales.  No  organic  remains  have 
been  discovered  in  any  member  of  the  Lower  Copper-bearing  Series 
-of  Thunder  Bay.  Its  entire  thickness  is  probably  about  1,500  feet, 
and  the  general  strike  of  the  rocks  varies  from,  approximately, 
€ast  and  west  to  about  north-east  and  south-west.  The  whole  series 
is  traversed  by  dykes  of  trap,  and  there  are  several  interstratified 
beds  of  that  rock. 

The  Lower  Copper-bearing  Series  is  penetrated  by  numerous 
mineral  veins,  of  which  the  majority  run  along  the  strike  of 
the  beds,  having  a  general  east-north-east  and  west-south-west 
direction,  but  there  is  also  a  set  of  transverse  lodes  of  which  the 
direction  approaches  more  nearly  to  north  and  south.  One  of 
the  most  important  of  the  series  of  veins  which  follow  the  strike 
of  the  stratified  rocks  and  have  a  general  east  and  west  direction, 
is  the  Shuniah  Vein,  which  has  been  worked  upon  at  several 
points  along  its  course.  It  is  enclosed  in  the  Lower  Copper- 
bearing  rocks  of  the  north  shore  of  Thunder  Bay,  running  nearly 
parallel  to  the  shore,  and  at  a  distance  inland  of  from  one  and 
a  half  to  two  miles.  At  the  Shuniah  Mine  itself,  the  vein  courses 
nearly  east  and  west,  and  is  almost  vertical;  its  "width  is  about 
twenty-two  feet,  and  the  veinstone  mainly  consists  of  calcite. 
Quartz  and  fluor  spar  are,  however,  occasionally  present,  and  iron 
pyrites  often  occurs  in  considex-able  abundance.  Silver  is  present 
both  in  the  native  form  and  as  sulphide,  some  specimens  being  ex- 
tremely rich.  This  vein  is  enclosed  in  hard  black  shales,  but  a 
large  mass  of  hornblendic  trap  lies  about  fifty  feet  to  the  south ; 
the  lode  does  not,  however,  exactly  conform  to  the  strike  of  the 
beds,  so  that  in  following  it  westward  a  point  is  reached  where  the 
trap  forms  the  foot  wall  of  the  vein.  Like  the  majority  of  the  lodes 
on  the  north  shore  of  Lake  Superior,  the  Shuniah  Vein  is  of  a 
brecciated  character  and  contains  numerous  fragments  of  the 
country  rock.  At  all  points,  where  it  has  been  opened  upon,  this 
vein  has  been  found  to  contain  silver  either  in  the  metallic  state 
or  in  the  form  of  argentite. 

Of  all  the  silver-bearing  lodes  that  have  been  worked  in  this 
region  the  most  imiDortant  is  perhaps  the  Silver  Islet  vein,  situated 
on  a  small  I'ocky  island  immediately  south  of  Thunder  Cape. 
Silver  Islet   is   three-quarters  of  a  mile  from  the  mainland,  and 
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is  much  exposed  to  storms  from  the  west,  south-west,  and  east. 
The  island  measured  originally  about  ninety  feet  each  way,  and 
rose  only  eight  feet,  at  its  highest  part,  above  the  level  of 
Lake  Superior.  The  whole  of  the  rock  is  now  enclosed,  and 
is  either  covered  by  works  and  buildings  connected  with  the 
mine  or  by  newly-made  ground.  The  course  of  the  vein  is  about 
N.  35°  W.,  and  its  dip  85°  towards  the  south-east.  Its  greatest 
width  is  on  the  north-western  side  of  the  islet,  where,  as  is 
seen  in  Fig.  124,  it  divides  into  two  branches,  one  of  which  crosses 
the  islet  whilst  the  other  keeps  on  the  western  side  of  it  under 
water.  The  southern  part  of  the  latter  branch  has  always  carried 
the  richest  ore,  the  northern  branch  being  less  rich,  whilst  the 
whole  of  the  vein  to  the  westward  is  almost  entirely  barren,  con- 


FiG.  124.— Silver  Islet;  plan. 


sisting  mainly  of  large  masses  of  calc  spar,  with  a  little  quartz  and 
a  few  cubes  of  galena  containing  mere  traces  of  silver.  Particles 
of  silver  ore  are  frequently  found  in  small  feeders  in  the 
country  rock  between  the  two  branches  of  the  vein,  and  fragments 
of  the  same  rock,  associated  with  graphite,  are  often  enclosed  in 
the  veinstone. 

The  metalliferous  minerals  contained  in  the  veins  are  native 
silver,  silver  glance,  tetrahedrite,  domeykite,  galena  and  blende,  with 
iron  and  copper  pyrites,  and  small  quantities  of  the  ores  of  cobalt 
and  nickel.  One  of  the  rocks  intersected  by  the  vein  is  a  diorite 
in  the  form  of  a  dyke,  which  differs  in  some  i-espects  from  the 
other  eruptive  rocks  of  the  district.  The  silver  vein  is  a  true  lode, 
cutting  through  the  horizontally  bedded  schists  of  Cambrian  age 
as  well  as  the  dyke  of  diorite,  which,  although  an  eruptive  rock, 
has  not  in  any  way  tilted  the  schists.  The  deepest  workings 
are   1,160  feet  below  the  surface,  and  the  longest  drift  on  the 
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course  of  the  vein  is  1,250  feet  in  extent ;  the  vein  itself  has  been 
traced  for  9,000  feet. 

The  fissure  in  which  this  vein  has  been  formed  is  also  a  line 
of  fault,  which  has  moved  the  rocks  as  shown  in  Fig.  125,  which 
indicates  roughly  the  positions  of  the  rocks  and  lode  below  the 
'■'  5th  level."  The  most  productive  portion  of  the  vein  is  marked  in 
Fig.  124  by  cross-hatching,  and  it  is  worthy  of  notice  that  the  rocks 
intersected  by  the  diorite  are  not  highly  inclined  crystalline  slates, 
but  unaltered  and  almost  horizontal  flagstones  and  shales.  Accord- 
ing  to  Kemp/  it  is  only  where  it  traverses  the  diorite  that  the  vein 
is  found  to  be  rich  in  silver;  when  this  rock  forms  the  walls  of  the 
vein,  it  carries  sulphides  of  lead,  zinc,  nickel,  &c.,  together  with 


Fig.  1-J5.— Fault,  Silver  Islet. 

native  silver,  but  when  the  walls  consist  of  flagstones,  the  fissure 
contains  calcite  only.  From  the  date  of  its  first  discovery,  in  July, 
1868,  to  the  end  of  December,  1882,  this  vein  had  yielded  silver  to 
the  value  of  three  and  a  quarter  million  dollars,  or  above  £650,000. 
It  is  no  longer  worked. 

The  Silver  Islet  Vein  has,  on  one  occasion,  exhibited  a 
phenomenon  which  is  worthy  of  notice,  and  which  has  been 
described  by  Mr.  Frue,  who  was  local  superintendent  at  the  time 
of  its  occurrence.  On  December  28th,  1875,  whilst  a  party  of 
miners  was  engao:ed  m  drillino^  a  hole  in  the  end  of  the  drift 
at  the  "  8th  level,"  the  drill  broke  suddenly  into  a  crevice.  Water 
at  once  commenced  to  flow,  but  not  in  any  large  quantity,  and, 
not  being  aware  that  it  was  accompanied  by  an  escape  of  gas, 
one  of  the  miners  took  a  candle  to  look  at  the  hole.     The  gas 

1  Ore  DfpOHits  of  the  United  States,  p.  31. 
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instantly  took  fire,  sending  out  a  flame  of  many  feet  in  length, 
the  miners  having  to  throw  themselves  on  the  bottom  of  the 
level  to  escape  injury,  and  there  remain  until  the  flame  had 
subsided.  After  having  somewhat  got  over  their  astonishment 
they  returned  to  the  drift,  and  when  still  at  a  distance  of  several 
feet  from  the  end  the  gas  again  ignited.  They  afterwards  walked 
into  the  level  without  a  light  and  stopped  the  hole  with  a  wooden 
plug.  On  subsequently  applying  a  lighted  candle  to  the  im- 
perfectly plugged  hole,  however,  the  gas  again  took  fire,  giving 
a  jet  of  flame  about  a  foot  in  length,  which  burned  for  several 
weeks. ^ 

Native  silver  occurs  in  small  quantities  in  several  other  localities 
on  Lake  Superior,  as  at  St.  Ignace  Island,  Spar  Island,  and 
Michipicoten  Island  ;  the  copper  ores  of  the  Eastern  Townships 
are  likewise  often  to  some  extent  argentiferous,  and  galena 
containing  silver  is  found  in  various  parts  of  Canada.  No  lead 
mines  have  hitherto  been  successfully  worked  in  Canada,  and 
the  proportion  of  silver  present  in  the  ores  is  not  often  large. 
The  output  of  this  district  was  225,033  oz.  -  in  1801  and  only 
41,581  oz.  in  1892. 

Argentiferous  and  cupriferous  pyrites  are  Avorked  in  the  mines 
of  the  Capelton  district  of  Quebec  ;  it  is  calculated  that  these 
ores  yielded  191,910  oz.  of  silver  in  1892. 

Copper.- — -The  copper  ores  of  the  Quebec  group  of  Lower 
Canada  occur  chiefly  as  interstratified  beds,  and  are  often  found  in 
the  limestones  of  this  series.  These  limestones  are  generally 
magnesian,  and  are  frequently  associated  with  serpentines  and 
diorites,  both  of  which  occasionally  contain  copper.  These  rocks 
are  accompanied  by  slates  which  in  many  places  are  themselves 
the  copper-bearing  strata,  but  they  are  sometimes  so  altered  as  to 
take  the  form  of  chloritic  or  micaceous  schists.  The  latter  are  in 
some  cases  soft,  with  a  pearly  lustre,  and  are  then  known  as 
nacreous  slates.  At  other  times  these  rocks  are  highly  siliceous, 
so  that  it  not  unfrequently  happens  that  the  copper-bearing  bed 
presents  the  appearance  of  a  micaceous  quartzite.  Beds  of  talcose 
slate  and  steatite  likewise  occasionally  contain  copper,  which  is 
also  sometimes  found  in  the  red  and  green  argillites  of  the  series. 
The  chloritic  schist  occasionally  becomes  calcareous,  and  gradually 
passes  into  an  impure   limestone.     The  metal  occurs  throughout 

1  Thomas  Macfarlane,    ".Silver  Islet,"    Trans.   Amtr.   /;/•>•^    Miii.   Eii<i.    viii. 
1880,  p.  22(3. 

~  Geological  Survey  of  Canada  :  Annual  Btport,  1893,  i>.  131. 
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these  rocks  in  the  form  of  erubescite,  chalcocite,  and  copper  pyrites. 
Malachite,  azurite  and  cuprite  are  met  with  in  small  quantities, 
but  only  near  the  surface. 

Native  co2:)per,  so  abundant  in  the  rocks  on  the  southern  shore 
of  Lake  Superior,  is  seldom  met  with  in  Eastern  Canada ;  it, 
however,  sometimes  occurs  in  small  quantities  in  certain  red  slates, 
and  has  recently  been  discovered  in  boulders  of  trap  rock  in 
Rimouski  County,  At  St.  Flavien  it  is  found  associated  with 
calcite  in  an  amygdaloidal  rock,  under  conditions  closely  resembling- 
those  which  obtain  in  more  western  regions.  In  many  parts  of  the 
district  the  copper-bearing  beds  are  traversed  by  veins  which,  in 
some  cases,  do  not  contain  any  metalliferous  mineral.  Sometimes, 
on  the  contrary,  they  carry  large  quantities  of  rich  ores,  and 
molybdenite,  spathose  iron  ore  and  gold  have  also  been  found  in 
them.  They  are  seldom  continuous  for  any  considerable 
distance,  and  the  most  persistent  source  of  copper  ores  in  this 
region  has  been  the  metalliferous  beds.  In  some  cases,  as  in 
Sutton  and  Melbourne,  the  copper  ore  occurs  in  certain  beds  of 
dark-coloured  slates  in  a  state  of  such  fine  division  as  to  be  only 
visible  upon  close  inspection,  although  the  rock  may  contain  from 
5  to  10  per  cent,  of  copper.  In  the  magnesian  limestones,  a 
schistose  structure  is  sometimes  observable,  and  the  copjDer  ore  is 
occasionally  distributed  through  them  in  the  same  way  as  it  is  in 
the  slates.  They  are,  however,  more  frequently  massive,  and  the 
ore  often  occurs  in  nodules  or  as  grains  irregularly  disseminated 
throughout  the  rock.  In  these  limestones,  as  well  as  in  the  more 
schistose  strata,  there  are  veins  in  which  the  ores  of  copper  are 
concentrated  in  a  gangue  of  bitter  spar,  calcite,  or  quartz.  Some- 
times, as  at  the  Acton  Mine,  ores  of  copper  form  the  cement  of  a 
limestone  conglomerate. 

In  Leeds  the  copper-bearing  rocks  are  exposed  in  a  greater 
number  of  places,  and  have  been  more  carefully  examined,  than  in 
any  other  locality.  The  explorations  at  the  Harvey  Hill  Mine  are 
the  most  extensive  which  have  been  made  in  the  Eastern  Town- 
ships, and  have  resulted  in  opening  out  some  very  interesting 
deposits.  The  copper  ores  of  this  locality  occur  both  in  veins  and 
in  beds,  the  strata,  for  the  most  part,  consisting  of  fine-grained 
micaceous  schists,  which  from  their  unctuosity  are  frequently  called 
talcose,  although  they  are  not  usually  magnesian.  A  bed  of 
steatite  forms,  however,  one  of  the  members  of  the  series,  and 
bands  of  a  dark  kind  of  argillite  are  sometimes  met  with,  whilst 
other  beds,  either  white  or  light  gray  in  colour,  contain  nodules  of 
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<;hloritoid  and,  less  frequently,  crystals  of  schorl.  The  dip  of  the 
strata  is  from  N.  10"  to  65^  W.,  with  an  inclination  varying  from 
15°  to  30°.  The  deposits  are  irregular  lenticular  veins,  which  do 
not  coincide  with  the  strata  either  in  dip  or  in  direction.  They 
generally  run  about  20"  E.  of  N.,  although  the  course  of  a  few  of 
them  is  more  nearly  east.  Their  dip,  at  varying  angles,  is  usually 
towards  the  west.  Some  of  these  veins,  which  appear  to  have 
filled  fissures  in  the  slates,  have  been  traced  on  the  surface  for  a 
distance  of  100  fathoms.  They  are  occasionally,  in  their  thickest 
parts,  from  six  to  seven  feet  in  width,  but  gradually  thin  out  both 
horizontally  and  in  depth.  These  veins,  of  which  the  gangue  is 
principally  quartz,  more  or  less  mixed  with  calcite,  pearl  spar  and 
chlorite,  often  contain  very  rich  ores  of  copper,  some  of  them 
yielding  erubescite,  or  chalcocite,  or  both,  v.hilst  others  afford  copper 
pyrites  only.  Within  an  area  of  about  thirty  acres  open  cuttings 
were  made  upon  as  many  as  fifteen  distinct  lodes,  and  shafts  were 
sunk  upon  two  others.  Notwithstanding  that  these  lodes  were 
sometimes  found  exceedingly  rich,  the  distribution  of  copper  in 
them  was  so  uncertain  that  they  were  regarded  as  secondary  in 
importance  to  the  interstratified  beds,  in  which  ores  of  copper  are 
disseminated  in  the  slaty  rock.  The  first  of  these  beds,  which  are 
three  in  number,  varies  in  thickness  from  two  to  six  feet,  and  was 
found  on  sinking  near  the  summit  of  the  hill  at  a  depth  of  fifteen 
fathoms  below  the  surface.  Beneath  this  are  some  fathoms  of 
barren  slates,  and  then  a  thin  layer  of  cupriferous  rock  resting 
upon  a  bed  of  steatite.  Another  ore  bed  was  subsequently  struck 
at  a  still  greater  depth  of  about  twenty  fathoms.  From  the 
uppermost  bed  a  considerable  amount  of  ore  was  extracted  through 
Kent's  Shaft,  at  about  twenty  fathoms  from  the  surface.  The 
second  bed,  that  lying  upon  the  soapstone,  should  be  sixty  fathoms 
from  the  surface  at  this  point,  whilst  the  lowest  will  be  still  deejser 
by  about  twenty  fathoms,  or  will  have  a  depth  of  eighty  fathoms 
from  the  surface  at  Kent's  Shaft.  The  coi3per  ores  are  dissem- 
inated through  these  slates  in  small  masses,  often  of  a  lenticular 
form,  running  parallel  to  the  bedding  of  the  rocks. 

In  the  accompanying  section,  Fig.  120,  of  the  Harvey  Hill  Mine 
a,  1),  and  c  represent  the  three  cupriferous  beds,  d,  quartz  veins  or 
lodes,  and  e,  Kent's  Shaft  with  its  various  cross-cuts.^ 

In  stoping  to  the  west  of  Kent's  Shaft  an  unusal  phenomenon 
attracted  attention,  and  was  at  first  ascribed  to  the  presence  of  an 
•ordinary  bunch  of  ore.     This  is  described  by  Mr.  J.  Douglas,  jun., 

^  (JtoL  Si(rvey  of  Canada  :  Report  of  Froyre.'is,  Montreal,  1863,  p.  727. 
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as  having  first  broken  through  the  floor  of  the  bed  and  appearing 
as  though  it  had  discharged  its  cupreous  solutions  into  the  lowest 
layers  of  the  slates.  As  it  was  followed  in  stoping,  it  worked  its 
way  up  through  the  slates,  and  assumed  the  features  of  a  lode  with 
well-defined  walls,  terminating  in  the  bed,  into  wdiich  it  appeared 
to  have  poured  its  contents.  The  coui'se  of  the  copper  ore,  bitter 
spar  and  calc  spar,  as  they  penetrated  from  the  lode  amongst  the 
slates,  could  be  readily  traced,  and  Mr.  Douglas  is  of  opinion  that 
the  bed  had  derived  its  metalliferous  constituents  from  the  veins. 
He  adds  that  subsequent  observations  tended  to  strengthen  this 
opinion. 1  The  observations  of  Mr.  Douglas,  and  the  conclusions 
to  which  he  has  arrived  are  of  great  interest,  and  are  worthy  of 
due  consideration  ;  but,  after  having,  on  two  occasions,  spent  several 


Fig.  12t). — Harvey  Hill;  transverse  section. 


■days  at  Harvey  Hill,  I  (J.  A.  P.)  am  inclined  to  believe  that  the 
various  phenomena  described  may  be  equally  well  accounted  for 
upon  the  hypothesis  that  the  copper  ores  of  the  veins  were 
derived  from  the  stratified  beds. 

Some  of  the  broken  ground,  consisting  of  alternate  la3'ers  of 
quartz  and  slate,  carries  rich  bunches  of  ore,  and  in  some  of  these 
masses  are  found  chloritoid,  molybdenite  and  quartz  crystals  with 
their  angles  rounded  off  as  though  they  had  been  exposed  to  the 
action  of  a  solvent.  SjDecimens  of  erubescite  from  this  locality  are 
sometimes  thickly  studded  with  such  ciystals,  some  of  them  being 
several  inches  in  length  and  above  an  inch  in  diameter,  with  their 
angles  almost  effaced  and  their  faces  dimmed.  Although  con- 
tinuously worked  during  several  consecutive  years,  the  copper  veins 
and  cupriferous  beds  of  Harvey  Hill  entirely  failed  to  yield  remu- 
nerative results,  and  as  a  consequence  the  workings  have  long  since 
been  abandoned  ;  some  fresh  explorations  were  undertaken  in  1892, 

^  James  Uoiiglas,  jun.,    "Notes  on  the  Copper  Deposits  at   Harvey  Hill," 
Trait'i.  Lit.  Soc.  of  Qntbtc,  1871. 
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but   it  is  not    known  whether   they   yielded    satisfactory    results 
or  not. 

At  the  Acton  Mine,  limestone  is  seen  dipping  to  the  north-west, 
the  hill  south-east  of  the  workings  being  composed  of  the  massive 
beds  making  up  the  lower  portion  of  the  formation.  The  Copper- 
bearino-  Limestone  overlies  this,  and  occurs  in  irregular  elongated 
masses  running  parallel  to  the  great  body  of  limestone  beneath^ 
but  varying  from  it  both  in  thickness  and  in  structure.  The 
upper  limestone  at  this  mine  is  underlain  by  shales,  which  often 
contain  more  or  less  copper  ore,  and  are  also  sometimes  to  a  small 
extent  interstratified  with  the  limestone.  With  these  shales  occur 
beds  and  masses  of  diorite  which  weather  to  a  brownish-yellow 
colour,  in  that  respect  resembling  many  of  the  serpentines  of  the 
district.  Some  of  the  masses  of  diorite  seen  in  the  Acton  Mine  are 
150  feet  in  length  by  50  feet  in  thickness,  but  thin  beds  of  the 
same  rock  are  occasionally  interstratified  with  the  slates.  In  some 
portions  of  the  diorite  masses  of  calcite  are  disseminated,  thus 
giving  to  it  the  character  of  an  amygdaloid,  and  imparting  a  cellular 
aspect  to  the  weathered  surfaces.  At  other  times  the  copper- 
producing  rock  would  appear  to  be  a  conglomerate  containing 
small  pebbles,  the  longer  axes  of  which  lie  in  the  direction  of  the 
bedding.  Diorites  similar  in  character  to  those  of  Acton,  and 
occupying  the  same  stratigraphical  position,  occur  with  the  Copper- 
bearing  Limestones  at  Upton,  Wickham,  Somerset,  Nelson,  and 
St.  Flavien,  and  the  fact  that  at  the  latter  place,  as  well  as  at 
Drummondville,  they  contain  copj)er  ores  gives  to  these  rocks 
considerable  economic  importance. 

Portions  of  a  cupriferous  slate  are  sometimes  interiaminated 
with  the  beds  at  the  base  of  the  limestone,  as  well  as  with  the 
underlying  diorite.  Several  dislocations,  although  none  of  them 
of  any  considerable  magnitude,  occur  at  this  locality.  Some  of 
these  appear  to  follow  the  strike  of  the  bedding,  whilst  others  occur 
in  two  groups  of  nearly  parallel  faults,  each  of  which  is  oblique  to 
the  other,  as  well  as  to  the  strata.  These  dislocations  disturb  the 
continuity  of  the  Copper-bearing  Limestone,  causing  the  diorite, 
and  even  the  upper  portions  of  the  limestone,  to  jDrotude  into 
or  to  interrupt  the  ore-bearing  beds.  The  underlying  limestone 
is  often  intersected  by  quartz  veins,  which  occasionally  contain 
spots  of  galena  or  copjDer  pyrites.  The  workable  copper  ore 
is  chiefly  found  in  the  conglomerate  above  mentioned,  of  which 
it  sometimes  constitutes  the  cement ;  it  also  occurs  in  portions 
of  the  limestone  in  the  immediate  vicinity  of,  or  partly  surrounding. 


I 


PART  II  CANADA  ,     843 

the  conQ;lomerate.  Short  irreo-ular  veins,  containinsj  calcite  aud 
sulphides  of  copper,  sometimes  enclose  a  black  graphitic  sub- 
stance. 

The  most  important  masses  of  ore  occurred  in  the  form  of  three 
large  bodies,  extending  over  a  length  of  about  120  fathoms,  and 
may  have  originally  belonged  to  one  continuous  stratum  subse- 
(^uently  divided  by  dislocations.  Of  these  masses  the  most 
northerly,  which  began  with  a  depth  of  a  few  inches,  gradually 
extended  to  a  horizontal  distance  of  forty  fathoms  with  a  thickness 
of  forty-five  feet.  Upon  this  ah  open  cutting  was  made  to  a  depth 
of  twenty  feet,  at  which  point  the  limestone  had  become  reduced 
to  a  thickness  of  only  four  feet.  In  the  north-eastern  part  of  the 
open  working  referred  to,  a  shaft  was  sunk  upon  the  dip  of  the 
limestone  to  a  depth  of  about  ninety  feet  from  the  surface,  where 
the  bed  was  twenty-four  feet  in  thickness,  but  poor  in  copper.  At 
a  depth  of  sixty  feet  a  level  Avas  driven  about  thirty  feet  westward, 
where  the  limestone,  which  was  there  sixteen  feet  in  thickness,  was 
cut  off  by  the  overlying  shale.  The  ores  from  this  and  from  the 
other  two  deposits  were  extracted  by  means  of  irregular  workings, 
but  in  the  aggregate  yielded  a  large  amount  of  ricli  copper  ores  of 
exceptionally  good  quality.  From  the  three  masses  at  the  Acton 
Mine,^  16,300  tons  of  12  per  cent,  ore  were  obtained  and  sent  to 
market ;  but  in  the  year  1866  all  the  available  deposits  had  become 
exhausted,  and  no  exploratory  work  for  the  discovery  of  others 
having  been  executed,  the  mine  was  abandoned. 

The  distribution  of  copper  throughout  the  rocks  of  the 
Quebec  group  is  very  general,  and,  according  to  Sir  W.  E. 
Logan,  would  appear  to  indicate  that  this  metal  was  almost 
everywhere  present  in  the  waters  from  which  these  strata  were 
deposited.- 

The  copper-bearing  veins  which  traverse  the  Huronian  rocks  on 
the  north  side  of  Lake  Huron,  at  the  Bruce  Mines  and  several 
adjacent  localities,  contain  in  a  gangue  of  quartz,  copper  pjTites 
with,  near  the  surface,  chalcocite  and  erubescite,  which  are  generally 
massive  but  in  some  cases  crystalline.  Heavy  spar,  calcite  and 
pearl  spar  are  also  occasionally  present.  The  two  lodes  which 
have  been  worked  vary  from  two  to  four  feet  in  Avidth,  and  the 
proportion  of  ore  in  them,  as  compared  with  the  other  vein-stuff, 
was  at  one  time  very  large.  The  total  quantity  of  ore  obtained 
from  this  mine,  from  the  date  of  its  commencement  in  1847  to  the 

1  Geol.  Snrvei/  of  Canada.  Rtport  of  Proijrtss,  Ottawa,  1866,  p.  .309. 

2  Ihhi.  1S63,  p.  ol.j. 
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beginning  of  1863,  was  about  0,400  tons,  averaging  18  per  cent,  of 
copper. 

To  the  north-west  of  the  Bruce  Mines  are  the  Wellington 
Mines,  in  which  the  veins  closely  resemble  those  of  the  Bruce, 
of  wliich  they  are  probably  a  continuation.  The  same  veins  extend 
into  the  adjoining  property  known  as  Huron  Copper  Bay.  These 
veins,  which  were  worked  for  many  years  with  varying  success, 
appear  to  have  become  impoverished  in  depth,  and  the  mines  have 
been  abandoned  for  a  good  many  years. 

The  Wallace  Mine  is  situated  on  the  shore  of  Lake  Huron, 
about  a  mile  west  of  the  mouth  of  White  Fish  River,  on  the  north 
side  of  the  bay.  The  strata  here  consist  of  quartzose  and  chloritic 
slates  dipping  northward  at  a  high  angle,  and  include  a  large  mass 
of  greenstone  running  with  the  strike  of  the  rocks.  Strings  and 
bunchesof  copper  pyrites  occur  in  this  locality,  both  interlaminated 
with  the  schists  and  disseminated  in  the  greenstone.  At  a  distance 
of  a  mile  and  a  half  further  east,  and  near  the  base  of  the  hills, 
two  large  veins  containing  iron  pyrites  with  a  little  yellow  ore  are 
said  to  occur. 

On  the  north  side  of  the  island  of  Michipicoteu  is  a  cliff  from 
two  to  three  hundred  feet  in  heioht  in  which  the  o-reenstone  is 
marked  by  druses  containing  analcime  and  quartz.  A  soft  amyg- 
daloidal  bed  containing  native  copper  is  traceable  for  some  miles 
along  the  shore,  sometimes  beneath  the  surface  of  the  water  in 
the  bays,  and  at  others  running  a  short  distance  inland.  In  this 
bed  an  attempt  was,  a  few  years  since,  made  to  work  a  remark- 
able deposit  of  native  copper  and  silver  disseminated  in  grains 
through  hydrous  silicate  of  nickel.  The  ore  was  first  stamped, 
and  the  nickel  ore,  the  value  of  which  was  not  suspected,  was 
washed  away,  leaving  a  metallic  residue  consisting  of  a  mixture  of 
native  copper  and  native  silver.  After  fusion  this  residuum  yielded 
an  alloy  of  copper  and  silver,  in  which  the  latter  metal  was,  in  one 
instance,  present  to  the  extent  of  nearly  12  per  cent.  A  shaft 
was  sunk  to  a  depth  of  about  twelve  fathoms,  but  after  a  consider- 
able outlay  the  workings  were  ultimately  abandoned.  Very  little 
is  known  relative  to  the  mode  of  occurrence  of  this  singular  deposit, 
which  is  said  to  be  associated  with  calcite. 

As  mentioned  under  the  head  of  silver,  cupriferous  pyrites 
are  mined  at  Capelton,  in  the  Province  of  Quebec.  In  Ontario 
a  good  deal  of  copper  is  obtained  from  the  copper  pyrites  asso- 
ciated with  the  nickel-bearing  pyrrhotite  of  Sudbury ;  it  is 
obtained  in   the   form    of   a    matte    containing    both    nickel  and 
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copper,  the  proportion  of  the  latter  metal  being  about  27  or 
28  per  cent.  It  seems  that  the  whole  of  the  copper  produced 
in  this  form  was  shipped  to  the  United  States  and  its  amount  is 
given  for  1892  as  2,203,795  lbs.,  valued  at  S130,75S. 

Nickel. — It  is  only  quite  recently  that  Canada  has  come 
to  the  front  as  a  nickel  producer  ;  in  1883  some  rich  deposits 
of  copper  pyrites  near  Sudbury  on  the  Canadian  Pacific  Railway 
were  discovered,  and  two  years  later  work  was  commenced ; 
it  was  then  found  that  the  copper  ore  was  associated  with  nickel- 
bearing  pyrrhotite,  which  has  since  been  largely  worked.  There 
are  several  mines,  of  which  the  Stobie,  Coj)per  Cliff  and  Evans 
are  the  most  important.  The  ore,  as  seen  in  the  accompan^dng 
section/  Fig.  127,  occurs  in  large  lenticular  masses  in  or  closely 


N.W. 
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Scale  about  130  feet  to  i  inch 
a.  Huronian  strata.  h.  Diorite.  c  Ore-body. 

Fig.  127.— Section  of  Ore-Depo.sit  at  Copper  Clift". 


associated  with  dykes  of  diorite  that  break  through  the  Huronian 
strata  in  this  district.  As  far  as  is  yet  known,  the  character 
of  the  deposits  seems  to  closely  resemble  that  of  the  pyrites  deposits 
of  Huelva  and  some  of  the  Scandinavian  deposits,  except  that  the 
ore  in  Canada  carries  a  high  proportion  of  nickel,  namely,  some 
4  per  cent,  on  the  average.  These  deposits,  which  are  quite 
irregular  in  shape  and  distribution,  occur  over  a  length  of  some 
eight  miles ;  in  the  Copper  Cliff  Mine,  the  ore  has  been  followed 
down  to  a  depth  of  over  700  feet.     The  following  is  the  estimated 

1  .J.  H.  Collins,  "On  the  Sudbury  Coi^per  Depo.sits,"  Quart.  Jour.  Geo!.  Soc. 
xliv.  1888,  p.  834. 
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amount  of  metallic  nickel  ^  present  in  the  matte  produced  in  the 
respective  years  : — 


Year. 

Weight  of  Nickel. 

Value. 

1890     . 

.     .      1,435,742  lbs 

.       $933,232 

1801     . 

.     .      4,620,627    „     .     . 

.      2,775,976 

1892     . 

.     .      2,413,717    ,.     .     . 

.      1,399,956 

In  1894  2  the  production  was  4,223,115  lbs.,  valued  at  8818,869. 

It  is  worth  mentioning  that  Sperry lite,  an  arsenide  of  platinum, 
occurs  at  Sudbury,  this  being  the  first  place  in  Avhich  platinum 
has  been  found  in  combination,  forming  thus  a  true  ore.  The 
find  has  been  of  no  commercial  value. 

Iron. — The  iron  ores  of  Canada  possessing  economic  importance 
are  magnetite,  red  haematite  and  limonite.  Spathose  iron  ore  has 
not  been  observed  to  occur  in  any  considerable  quantities.  The 
most  abundant  iron  "ore  of  the  province  is  probably  magnetite, 
which  is  found  only  in  crystalline  and  metamorphic  rocks.  It 
occurs  in  the  Laurentian  series,  and  in  the  rocks  of  the  eastern 
Palaeozoic  basin.  A  description  of  the  principal  deposits  of  this 
•ore  would  occupy  much  more  space  than  can  be  devoted  to  the 
subject,  and,  consequently,  a  few  only  of  the  more  remarkable  will 
be  mentioned. 

At  Grenville  a  bed  of  iron  ore,  from  six  to  eight  yards  across, 
occurs  in  a  gneiss  which  is  interstratified  with  numerous  bands  of 
quartzite.  It  has  been  traced  for  a  distance  of  about  350  yards  on 
its  strike,  the  accompanying  beds  being  cut  off  at  either  end  by  a 
mass  of  intrusive  syenite.  A  large  deposit  of  magnetic  iron  ore 
likewise  occurs  in  the  township  of  Hull,  and  is  said  to  have  been 
again  met  with  at  a  distance  of  about  a  mile  on  the  other  side  of  the 
hill.  The  ore  is  found  in  syenitic  gneiss  interstratified  with  a  white 
crystalline  limestone  containing  mica  and  graphite,  and  forms  a  bed 
about  ninety  feet  in  thickness.  This  appears  to  have  been  brought 
to  the  surface  on  the  crown  of  an  anticlinal  curve,  through  which 
appears  an  underlying  bed  of  crystalline  limestone.  The  ore  is 
coarsely  granular  and  very  pure,  but  is  in  some  places  associated 
with  scales  of  graphite.  In  the  year  1854  this  deposit  was  opened, 
and  was  worked  for  about  four  years  for  the  purpose  of  supplying 
certain  furnaces  at  Pittsburg,  Pennsylvania,  but  in  1858  the 
workings    were    suspended    on    account    of  the  discovery   of   the 

^  Geological  Survey  of  Canada  ;  Annual  RejMrt,  1893,  p.  112. 
-  The  Mineral  Industry,  iii.  1894,  p.  458. 
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Newborough  ]\line,  which   is  more  conveniently  situated  for  the 
transport  of  ores. 

An  important  deposit  of  magnetic  iron  ore  occurs  on  an  island 
in  Mud  Lake,  on  the  Rideau  Canal,  near  Newborough.  It  forms 
a  bed  200  feet  in  thickness,  running  north-east  and  south-west 
in  gneiss  adjoining  a  crystalline  limestone. 

At  South  Sherbrooke  a  bed  of  magnetic  iron  ore  twelve  feet 
thick  occurs  in  gneiss,  and  in  the  vicinity  of  Madoc  there  is  another 
bed  from  which  ore  was  formerly  brought  to  that  village,  where  it 
was  smelted  in  a  blast  furnace  and  yielded  iron  of  excellent  quality. 
This  bed  appears  to  be  enclosed  in  a  soft  black  micaceous  rock,  and 
to  follow  a  course  somewhat  south  of  east.  The  greatest  thickness 
of  this  deposit  is  thirty  feet,  but  it  would  probably  average  about 
twenty  feet. 

The  magnetite  formerly  smelted  at  Marmora  was  obtained  from 
Belmont,  and  the  deposit,  which  is  generally  known  as  the  Big  Ore 
Bed,  is  commonly  said  to  be  100  feet  in  thickness.  It  is  not, 
however,  a  single  bed,  but  a  succession  of  beds  of  ore  interstratified 
with  layers  of  talcose  schist  and  crystalline  limestone,  with  which 
are  associated  serpentine,  chlorite,  diallage,  and  a  greenish  epidotic 
rock.  The  magnetic  sands  of  Moisie  have  already  been  described 
on  page  26. 

Red  hsematite  not  unfrequently  replaces  magnetite  in  rocks  of 
the  Laurentian  series,  and  an  important  deposit  of  this  ore  occurs 
in  the  township  of  McNab.  The  bed  of  ore,  which  is  thirty  feet 
thick,  rests  upon  crystalline  Laurentian  limestone,  and  is  overlain 
by  a  magnesian  limestone  of  Lower  Silurian  age.  To  the  west- 
ward this  bed  has  been  traced  for  a  distance  of  about  a  hundred 
yards,  but  in  the  opposite  direction  it  is  concealed  by  a  marsh.  The 
ore  is  usually  compact  and  has  a  purple  tint,  but  occasionally  it 
exhibits  a  finely  crystalline  structure.  Its  yield  of  metallic  iron 
averages  about  59  per  cent. 

The  red  haematite  ores  of  the  altered  strata  belono^ino^  to  the 
Quebec  grou])  are  generally  composed  of  small  crystalline  scales  of 
the  micaceous  variety  of  the  red  oxide  of  iron  associated  with  grains 
of  quartz,  and  occasionally  with  chlorite.  These  foreign  minerals  are 
present  in  very  variable  proportions,  so  that  the  schists  are  some- 
times a  rich  iron  ore,  whilst  at  others  they  are  so  poor  as  to  possess 
no  commercial  value.  Several  exposures  of  these  iron  slates  occur 
in  the  township  of  Sutton,  and  the  same  ferruginous  rocks  are 
again  met  with  in  the  adjoining  township  of  Brome.  A  bed  of 
iron  slate,  two  feet  in  thickness,  is  said  to  occur  in  chloritic  schist 
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in  Inverness,  and  it  is  probable  that  these  ores,  which  are  so 
abundant  in  the  townships  of  Brome  and  Sutton,  will  be  found  in 
many  intermediate  localities.  These  slaty  iron  ores,  although 
generally  less  rich  than  those  of  the  Laurentian  series,  are  fre- 
quently sufficiently  so  to  admit  of  their  being  smelted  with 
advantage. 

The  more  solid  varieties  of  limonite  have  not  hitherto  been 
met  with  in  Canada,  but  bog  iron  ore  of  recent  formation  is  found 
near  the  surface  of  the  soil,  and  is  widely  diffused  throughout  the 
country.  On  the  shore  of  Lake  Erie  this  ore  is  found  in  various 
localities,,  especially  in  the  townships  of  Charlotte ville,  Middleton 
and  Windham.  In  the  seigniory  of  Vaudreuil,  at  Cote  St.  Charles^ 
there  is  a  deposit  of  bog  iron  ore  which  has  been  traced  over  an 
area  of  about  three  acres,  and  which  probably  extends  much 
further.  This  bed  of  ore  varies  from  four  to  eight  feet  in  thick- 
ness. Bog  iron  ore  is  also  found  at  Cote  St.  Louis,  at  Cote  St. 
Guillaume  in  the  adjoining  seigniory  of  Rigaud,  and  in  numerous 
other  localities.  In  the  Eastern  Townships  bog  ore  occurs  in 
considerable  abundance  in  Stanbridge,  and  is  also  met  with  in 
the  adjoining  township  of  Farnham.  The  ore  from  Stanbridge 
was  formerly  mined  and  carried  to  Alburg,  in  Vermont,  where  it 
was  smelted.  This  ore  occurs  in  the  seigniory  of  St.  Vallier,  and 
is  found  in  abundance  on  Green  Island.  The  St.  Maurice  forges, 
in  the  vicinity  of  Three  Kivers,  were  for  more  than  a  century 
supplied  with  bog  ore  collected  in  that  vicinity,  and  between  the 
St.  Maurice  and  Batiscan  Rivers  some  important  deposits  of  this 
ore  have  been  met  with.  In  the  vicinity  of  the  village  of  Industry 
there  are  extensive  deposits  of  bog  ores,  as  well  as  at  Batiscan,  in 
the  seigniory  of  Cap  de  la  Madeleine.  Reference  has  already 
been  made  to  the  mode  of  occurrence  of  these  ores  (sec  page  87) ; 
they  are  now  being  mined  somewhat  extensively,  and  smelted  at 
Drummondville  and  Radnor  Forges.  The  production  of  ore  ^  was 
14,380  tons  in  1891,  and  22,690  tons,  valued  at  SG2,385,  in  1892. 

Although  never  directly  employed  as  an  iron  ore,  iron  pyrites 
is  made  use  of  as  a  source  of  sulphur,  and  is  consequently  a 
mineral  of  much  importance  in  the  manufacture  of  sulphuric 
acid.  Iron  pyrites  occurs  in  large  quantities  in  various  parts  of 
Canada,  and  is  sometimes  associated  with  small  quantities  of 
yellow  copper  ore.  A  large  deposit  of  pyrites  occurring  at 
Elizabethtown,  near  Brockville,  appears  to  be  an  interstratified 
mass,  and  has,  in  some  places,  a  thickness  exceeding  thirty  feet. 
1  Geoloijical  Suri-dj  of  Canada  :  AintKal  Bejyorf,  1893. 
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In  addition  to  copper  this  mineral  contains  traces  of  cobalt.  An 
important  bed  of  cupriferous  iron  pyrites  occurs  at  Garthby,  and 
another  at  Ascot.  The  pyrites  deposits  at  Capelton,  near  Sher- 
brooke,  already  mentioned,  are  practically  the  sole  source  at 
present  of  Canadian  pyrites  ;  their  production^  was  67,731  tons  in 
1891,  and  59,770  tons,  valued  at  8179,310,  in  1892. 


Nova  Scotia. 

Gold. — Palaeozoic  rocks  extend  along  the  whole  of  the  Atlantic 
seaboard  of  Nova  Scotia  from  Seaterie  to  Cape  Sable,  whilst  the 
planes  of  stratification,  which  have  a  general  east  and  west  course, 
are  mostly  parallel  with  the  coast  line  and  with  the  various  axes 
of  upheaval.  The  leads,  or  veins,  of  auriferous  quartz,  with  com- 
paratively few  exceptions,  conform  with  the  strike  of  the  slates 
and  quartzites,  following  every  plication  of  the  strata  and  giving 
rise  to  an  idea,  formerly  entertained  by  certain  geologists,  that 
they  were  symphytic  beds  and  not  subsequently-formed  veins. 
The  quartz  veins  are,  however,  by  no  means  confined  to  the 
districts  in  which  gold  has  been  found  in  paying  quantities,  but 
those  which  have  proved  to  be  auriferous  are  usually  in  the  vicinity 
of  the  axes  of  anticlinal  folds.  On  the  top  of  Laidlaw's  Hill,  in 
the  Waverley  district,  the  lead  lies  so  flat  that  it  is  worked  long 
wall,  the  gold  being  found  chietly  where  the  quartz  has  been 
crumpled  together  by  the  folding  of  the  strata  so  as  to  form  the 
rolls  locally  known  as  barrels.  These  corrugations,  which  have 
been  followed  down  on  both  the  northern  and  southern  dips  of  the 
vein,  on  the  crest  follow  the  direction  of  the  axis  of  the  anticlinal, 
whilst  the  plication  of  the  quartz  is  marked  in  the  overlying 
stratum  by  very  moderate  undulations  only  {see  page  154). 

The  exact  horizon  of  the  auriferous  rocks  of  Nova  Scotia 
has  yet  to  be  determined,  but  it  has  been  suggested  by  those 
who  regard  the  leads  as  being  bedded  deposits  that  only  the 
lowest  rocks  of  the  series  contain  gold  leads,  and  that  these 
have  been  brought  to  the  surface  by  anticlinal  folds.  Mr. 
Poole  is,  however,  of  opinion  that  the  lithological  charac- 
teristics of  the  several  districts  point  to  the  existence  of  three 
distinct  groups  enclosing  auriferous  leads,  namely  : — 1.  The  lowest^ 
composed  of  much  decomposed  and  contorted  slates  and  grits 
cleaving  transversely  to  the  planes  of  bedding.  2.  The  middle 
^  Geological  Survey  of  Canada  ;  Annual  Bepor't,  1893. 
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compact  beds,  in  which  quartzite  predominates,  and  of  which 
the  cleavage  usually  conforms  to  the  planes  of  deposition : 
numerous  quartz  leads,  some  of  which  are  appreciably  aurifer- 
ous, are  intercalated  with  the  rocks  of  this  group  in  the  neigh- 
bourhood of  anticlinals.  3.  The  upper  group,  in  the  extreme 
western  section  of  the  province,  consists  of  fissile  slates  of  an 
olive-green  colour  associated  with  micaceous  sandstones,  and 
with  at  least  one  bed  containing  graphite.^ 

In  some  of  the  strata  chlorite  is  abundant,  but  in  the  prin- 
cipal gold  districts  this  mineral  is  by  no  means  of  frequent 
occurrence.  Sir  A.  Selwyn,  Director  of  the  Geological  Survey  of 
Canada,  states  that  some  of  these  sandstones  contain  pebbles  of 
gray  quartzite,  and  is  inclined  to  believe  that  they  will  be 
found  to  occupy  the  position  of  some  division  of  the  Quebec 
group.  Mr.  Poole  calls  attention  to  the  fact  that  there  can  be 
no  doubt  with  regard  to  the  relative  age  of  the  gold-bearing 
veins  associated  with  rocks  belonging  to  this  section,  since  at 
Gegoggan  and  Cranberry  Head  there  are  veins  which,  when 
exposed  at  low  Avater,  are  seen  to  course  across  the  strata  and 
occasionally  swell  out  into  masses  of  from  six  to  eight  feet  in 
width;  these,  within  a  few  feet,  contract  to  so  many  inches,  and 
again  expand  and  contract.  Similar  veins  have  been  found  to 
contain  gold,  and  in  some  instances  they  have  yielded  as  much  as 
an  ounce  of  gold  per  ton  of  quartz. 

In  Nova  Scotia  mining  operations  have  not  been  exclusively 
confined  to  the  apparently  "  bedded  leads,"  as  rich  quartz  has  been 
obtained  both  from  "  cross-leads  "  and  the  so-called  "  angling  leads." 
Angling  leads  are  true  veins,  although  generally  very  small ;  they 
have  usually  an  east  and  west  course,  and  cross  the  strata  at  small 
angles.  In  depth  they  gradually  steal  across  the  beds  of  slate,  but 
on  meeting  with  quartzite  break  directly  through  it  to  the  next 
stratum  of  slate  and  continue  to  do  so  in  depth.  In  nearly  all 
cases  angling  leads  are  found  most  jiroductive  where  passing 
through  quartzite.  True  cross-leads  are  of  later  age  than  the 
interstratified  beds,  and  are  almost  always  barren  ;  but  in  addition 
to  these  there  are  bands  of  quartz  connecting  parallel  leads,  as  well 
as  offshoots,  which  are  often  called  cross-leads,  and  these  are  some- 
times auriferous.  The  paying  leads  are  generally  small,  one  eight 
inches  in  width  being  regarded  as  of  good  size  ;  thicker  ones  are 
how^ever,  sometimes  worked. 

1  Henry  S.  Poole,  "The  Gold  Leads  of  Nova  Scotia,"  Quart.  Jour.  Oeol.  Soc. 
xxxvi.  1880,  p.  307. 
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In  mining  the  regular  bedded  leads,  phenomena  characteristic 
of  metalliferous  veins  are  frequently  observed.  The  workings  on 
the  Union  Lead  at  Waverley,  a  lead  which  has  been  frequently 
referred  to  as  affording  evidence  of  the  bedded  origin  of  these 
veins,  have  shown  that  although  the  quartz  ceases  at  a  certain 
point  the  vein  fissure  nevertheless  continues  its  regular  course. 
In  one  of  the  stopes  at  the  same  place  the  quartz  formed  a  roll 
eight  feet  in  width,  and  threw  off  numerous  branches  into  the 
foot  wall.  Another  characteristic  which  may  be  regarded  as 
affording  evidence  of  the  vein-like  origin  of  these  leads,  is,  that 
they  sometimes  taper  out  and  are  continued  by  splices  starting 
on  one  side  or  the  other  in  the  wall  rock.  The  most  unmis- 
takable evidence  of  their  vein-like  origin  is,  however,  afforded 
by  the  occasional  presences  of  horses  of  the  rock  forming  their 
hanging  wall.  An  example  of  this  occurred  in  the  Barton  Lead 
at  Tangier,  where  a  flake  of  slate  ten  feet  in  length  was  found 
embedded  in  the  middle  of  the  quartz.  This  flake  had  rough 
edges,  and  had  evidently  become  detached  from  a  depression  in 
the  hanging  wall,  its  course  from  which  was  distinctly  marked 
by  a  series  of  slaty  fragments  embedded  in  the  quartz  at  each 
end.  Fragments  of  slate  are  often  found  in  these  leads,  and  in 
some  places  laminse  of  slate  impart  to  them  a  ribbon-like  structure, 
suggesting  a  series  of  openings  of  the  vein  fissure  and  successive 
deposits  of  quartz. 

A  carboniferous  conglomerate  has  been  worked  in  a  small  way  at 
Gray's  River  for  the  gold  which  is  mixed  with  the  lower  portions  of 
the  bed  and  in  the  runs  or  hollows  in  the  slate  ;  the  bed-rock  is  also 
sometimes  removed  to  a  depth  of  from  three  to  four  feet  for  the 
gold  contained  in  the  backs  or  crevices  between  the  planes  of 
cleavage. 

Although  of  considerable  interest  to  the  geologist,  the  gold 
mines  of  Nova  Scotia  are  not  commercially  of  great  importance. 
For  many  years  the  annual  yield  only  amounted  to  about  14,000 
oz.,  whilst  the  largest  produce  of  any  one  year  was  27,000  oz. 
More  recently,  however,  the  output  has  again  been  increased ;  in 
1895  ^  it  was  22,113  ounces  from  58,082  tons  of  quartz  crushed. 

Iron. — Although  iron  ores  occur  in  various  parts  of  Nova 
Scotia,  the  most  important  deposits  hitherto  discovered  in  that 
province  are  those  at  Londonderry  in  the  county  of  Colchester. 
The  rocks,  which  are  often  well  exposed  in  the  valleys  of  the  dis- 
trict, consist  of  gray,  blue,  and  olive-green  slaty  shales,  alternatino- 
^  Beport  of  the  Department  of  Mines,  iff.S.  for  1895,  p.  39. 
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with  bands  of  quartzite  and  brown  felspathic  sandstones.  The 
general  course  of  the  principal  vein  is  about  W.  10°  N. ;  it  has  a 
southerly  dip  of  about  80°,  and  its  strike  closely  coincides  with 
that  of  the  metamorphic  slaty  shales  and  sandstones  of  Upper 
Silurian  age  constituting  the  country  rock. 

The  vein  is  well  seen  in  the  bed  of  the  Great  Village  River,  as 
well  as  in  excavations  in  its  western  bank,  which  rises  abruptly  to 
the  height  of  825  feet  above  its  level.  In  the  bottom  of  the 
stream  the  vein  presents  the  appearance  of  a  complicated  network 
of  fissures  penetrating  the  quartz  and  slate,  and  apparently  filled 
with  finely  crystalline  ankerite.  In  ascending  at  this  point  the 
vein  increases  considerably  in  Vvidth,  as  well  as  in  the  proportion 
of  iron  ore  which  it  contains.  At  one  place  where  it  was  cut 
through  its  width  was  found  to  be  not  less  than  120  feet.  It, 
however,  presents  the  aspect  of  a  wide  but  very  irregular  vein, 
including  large  angular  fragments  of  quartzite  and  of  a  green 
slate  with  glistening  surfaces.  These  fragments  are  especially 
large  and  abundant  towards  the  central  portion  of  tlie  vein, 
where  they  form  a  sort  of  irregular  rocky  partition.  The 
minerals  contained  in  the  vein  are  ankerite,  sidei'oplesite, 
calcite,  aragonite,  specular  ore,  magnetite,  brown  haematite,  and 
red  and  yellow  ochreous  iron  ores.  A  small  quantity  of  heavy 
spar  sometimes  occurs  in  the  form  of  minixte  crystals  lining 
fissures,  and  as  compact  veinlets  traversing  the  ankerite.  The 
whole  aspect  of  the  deposit  as  it  appears  in  the  excavation  in  the 
river  bank  is  extremely  irregular  and  complicated,  which  arises,  not 
merely  from  the  broken  character  of  its  walls,  but  also  from 
the  number  of  included  fragments  of  country  rock,  and  from  the 
confused  intermixture  of  the  other  materials  of  which  the  deposit 
is  composed.  On  the  east  side  of  Great  Village  River  the  ground 
does  not  rise  so  rapidly  as  on  the  western  bank,  and  the  vein  is 
not  so  well  exposed,  although  indications  of  it  can  be  traced  as  far 
as  the  eastern  branch  of  the  stream.  On  the  elevated  ground 
west  of  the  Folly  River  the  vein  is  again  largely  developed,  and 
an  excavation  near  that  stream  shows  a  thickness  of  190  feet  of 
rock  on  the  south  side  of  it.  This  consists  of  gray  quartzite,  with 
about  three  feet  of  black  slate,  the  beds  of  which  are  traversed  by 
small  strings  of  ankerite,  which  increase  in  dimensions  as  they 
approach  the  wall  of  the  vein. 

About  seventeen  feet  of  the  vein  consist  principally  of  ankerite, 
whilst  on  the  north  ten  feet  of  red  ore  are  seen,  without  reaching 
the  wall.     The   most  extensive  workings   are  upon  the  western 
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section  of  the  property,  and  from  this  part  of  the  deposit  nearly 
the  whole  of  the  supply  of  ore  during  recent  years  has  been 
obtained.  The  principal  excavations,  however,  and  those  from 
which  the  greater  part  of  the  ore  has  been  raised,  are  confined 
to  a  length  of  about  700  feet,  where  no  less  than  six  levels  have 
been  driven  into  the  hill  at  different  depths.  The  upper  part 
of  the  vein  was  here  filled  almost  entirely  with  tolerably  pure 
brown  haematite  of  good  quality.  Referring  to  this  deposit. 
Sir  A.  Selwyn  remarks  that,  although  there  are  no  good  reasons 
for  supposing  that  at  a  lower  depth  than  has  been  yet  reached 
the  vein  will  be  found  of  greater  width  than  it  is  at  present, 
there  is,  on  the  other  hand,  no  reason  to  apprehend  a  falling  off 
in  this  respect.  Sir  A.  Selwyn  was  unable  to  verify  by  personal 
examination  many  of  the  statements  respecting  the  appearance 
and  dimensions  of  the  vein  where  it  had  been  exposed  in  old 
excavations.  He  was,  however,  of  opinion  that  the  evidence  he 
was  able  to  collect,  and  the  facts  he  was  able  to  determine,  were 
of  such  a  character  as  fully  to  warrant  the  conclusion  that  no 
apprehension  need  be  entertained  of  any  failure  of  the  supply  for 
many  years  to  come.^  Later  investigations  have  shown  that  the 
veins  in  depth  are  mostly  filled  with  a  mixture  of  ankerite  and 
sideroplesite,-  which  have  been  transformed  into  limonite  by  the 
action  of  meteoric  waters  in  the  upper  parts  of  the  veins.  The 
following  are  analyses  of  these  two  minerals  : — 


Ankerite. 

Sideroplesite. 

Insoluble  siliceous  matter 

.     0-57     . 

.     0-25 

Calcic  carbonate      .     .     . 

.  53-84'     . 

.     3-14. 

Ferrous  carbonate   .     .     . 

.  23-29     . 

.  68-47 

Manganous  carbonate 

.     0-77 

.     2-08 

Magnesia  carbonate      .     . 

.  21-48     . 

.  26-02 

99-75  99-96 


Iron  ores  occur  in  many  other  parts  of  Nova  Scotia  ;  brown 
hsematites  are  well  developed  in  Pictou  County,  chiefly  in  Lower 
Carboniferous  limestones,  and  fossil  ores,  as  already  described  (p.  48), 

1  GeoJofjical  Survey  of  Canada  :  Report  of  Progress,  1872-3,  p.  26. 
-  H.  Louis,  "  On  the  Ankerite  Veins  of  Londonderry,  Nova  Scotia,"    Trans. 
X.S.  Inst,  of  Xat.  Science,  V.  1879,  p.  47. 
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occur  in  Annapolis  County.     The  following  was   the  output  from 
these  three  above-named  counties  in  1895  :  — ^ 

Tons. 
Colchester  County  (Acadia    Mines)  .     .  18,532 
AnnajDolis  County  (Torbrook  Mines) .     .  29,940 
Pictou  County 31,157 


Total     .     .     79,629 

In  this  same  year  j)ig-iron  to  the  amount  of  29,090  tons  was 
produced. 

Reference  has  already  been  made  to  the  occurrence  of  copper 
ores  in  the  province  {sec  page  5-1)  ;  none  are,  however,  worked  at 
present.  Manganese  occurs  at  Teny  Cape  and  other  places  in 
irregular  deposits  in  limestone. 

The  principal  returns  from  Nova  Scotia  for  the  year  1882  were 
as  follows: — gold,  14,107  oz. ;  iron  ore,  42,135  tons;  manganese 
ore,  205  tons. 

In  1895  -  they  were  as  follows  : — 

Gold 22,112  ounces 

Iron  ore 79,636  tons 

Manganese  ore  ...  110     ., 


British  Columbia. 

For  our  knowledge  of  the  geology  of  the  gold-fields  of  British 
Columbia  we  are  mainly  indebted  to  Dr.  G.  M.  Dawson,  of  the 
Geological  Survey  of  Canada,  whose  able  papers  on  this  subject 
have  from  time  to  time  appeared  in  successive  "  Reports  of 
Progress."  ^ 

Gold. — The  very  general  distribution  of  alluvial  gold  over  this 
portion  of  British  North  America  may  perhajDS  indicate  that  its  rocks 
of  various  ages  are  more  or  less  auriferous.  The  most  important  gold 
formation,  however,  consists  of  a  series  of  talcose  and  chloritic 
schists,  blackish  or  greenish-gray  in  colour,  which  sometimes 
become   micaceous,  and    Avhich    usually    more    distinctly    exhibit 

1  Report  of  the  Department  of  Mines,  N.S.  1895,  pp.  53,  83. 

2  Ihid.  p.  3. 

3  "  Report  on  Leech  River,"  Geol.  Surve^j  of  Canada:  Report  of  Progress, 
1876-77,  p.  95  ;  "  General  Note  on  the  Mines  and  ^Minerals  of  Economic  Value  of 
British  Columbia,"  ihid.  p.  103  ;  "Report  on  Exploration  in  Southern  Portion  of 
British  Columbia,"  ihid.  1877  78,  p.  153  b,  &c. 
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evidences  of  metaraorphism  than  do  the  gold-bearing  schists  of 
California.  Their  precise  geological  horizon  is  as  yet  undetermined, 
although  it  is  not  improbable  that  they  may  eventually  be  found 
to  be  the  geological  equivalents  of  some  of  the  most  productive 
gold-bearing  rocks  of  California.  The  most  extensive  areas  of 
these  rocks  are  found  in  connection  with  the  disturbed  regions 
west  of  the  Rocky  Mountains,  known  in  various  parts  of  their 
extent  as  the  Purcell,  Selkirk,  Columbia,  Cariboo,  and  Omineca 
Ranges.  Belts  of  auriferous  -rocks  of  considerable  extent,  and 
probably  belonging  to  the  same  age,  however,  occur  beyond  this 
region,  as  in  the  vicinity  of  Anderson  River  and  Boston  Bar,  on 
the  Fraser,  as  well  as  at  Leech  River,  Vancouver  Island,  and 
elsewhere. 

The  Cariboo  district,  which  was  discovered  in  1860,  has  been 
the  most  productive  and  permanent  gold-field  of  British  Columbia, 
It   has  been  described   as  a  mountainous  region,  but  is  rather  to 
be  regarded  as  the  remnant  of  a  great  plateau,  with  an  average 
elevation  of  above  5,000  feet,  intersected  by  innumerable  streams 
which  flow  from  it    in  all  directions,  and   which  join  either  the 
Fraser  River  or  one  or  other   of   its  branches.     The   fifty-third 
parallel  of  north  latitude  passes  nearly  through  the  centre  of  the 
gold-field,  where  streams  falling  rapidly  over  rocky  beds  descend 
into  deep  and  precipitous  valleys.    With  a  lessening  slope  the  rock 
becomes  concealed  by  deposits  of  gravel,  which  gradually  increase 
in  thickness  and  extent  until   the  valleys  become  flat-bottomed 
with  occasional  swampy  glades,  through   which  the  stream "  flows 
tortuously    with    a    sluggish    current.      Lightning   and   Williams' 
Creeks  have  yielded  the   larger  portion  of  the  gold  of  Cariboo. 
Both  localities  are   not  only  rich,  bat  are    also  specially  adapted 
for  deep  workings  from   having  a  hard  deposit  of  boulder  clay 
extending  beneath  the  beds  of  the   present  water-courses,  which, 
to  a  large  extent,  prevents  the  inflltration  of  surface  water  into 
the  workings  beneath.     By  regular  mining  operations  the  rocky 
bottom  of  the  valley  is  sometimes  followed  below  150  feet  of  over- 
lying clay  and  gravel,  the  course  of  the  ancient  stream  being  easily 
traced  by  the  polished  rocks  of  its  bed  as  well  as  by  the  gravel  and 
boulders  filling  its  channel.     The  richest  lead  is  usually  found  in 
the  hollow  of  the  ancient  channel,  although,  by  following  the  rock- 
surface  laterally,  paying  ground  is  often  met  with  for  some  distance 
on  either  side.     The  old  streams  of  Cariboo  are  found  to  have  fol- 
lowed very  nearly  the  same  directions  as  their  modern  represen- 
tatives, often  crossing  the  valleys   in  various  bends  from  side   to 


856  ORE    DEPOSITS  part  ii 

side,  but  never  leaving  them  or  running  across  the  modern 
drainage  system  as  is  frequently  the  ease  in  the  deep  placers  of 
Cahfornia  and  Australia.  On  Williams'  Creek,  on  which  are 
situated  the  townships  of  Barkerville  and  Richfield,  the  principal 
workings  are  confined  to  a  space  of  about  two  and  a  half  miles  in 
length.  In  this  ground  not  only  the  deep  channel  has  been  worked, 
but  also  as  much  of  the  side  ground  as  was  at  the  time  found  re- 
munerative. Many  of  the  lateral  creeks  and  gullies  paid  remarkably 
well,  and  in  some  places  the  hill  sides,  to  the  height  of  above 
100  feet,  have  been  sufficiently  rich  to  make  satisfactoiy  returns 
hy  the  hydraulic  method  of  mining,  which  has  been  extensively 
introduced  into  British  Columbia. 

Although  the  production  of  Williams'  Creek  has  always  been 
much  less  considerable  than  that  of  Lightninor  Creek,  Barkerville 
nevertheless  possesses  a  certain  local  importance  as  the  centre  of 
a  number  of  outlying  mining  districts.  The  mines  in  the  gold- 
fields  of  Kootenay,  Omineca,  and  Cassiar,  situated  on  the  same 
belt  of  auriferous  rocks,  resemble,  in  their  main  features,  those  of 
Cariboo.  The  greater  portion  of  the  Gold  Range,  especially 
towards  the  north,  is  very  heavily  timbered,  and  is  often  so 
covered  with  moss,  j^eat,  swamp  and  tangled  vegetation  as  to 
render  prospecting  difficult,  and  the  discovery  of  rich  spots  a 
matter  requiring  much  time  and  labour.  Dr.  Dawson,  however, 
remarks  that  the  recognised  areas  of  the  gold-fields  will  be  very 
much  extended  as  soon  as  altered  conditions  shall  have  rendered 
less  productive  deposits  remunerative,  when  many  of  those  which 
have  now  ceased  to  attract  attention  will  again  spring  into 
importance. 

In  the  southern  portions  of  British  Columbia  gold  has  been 
very  rarely  found  in  situ,  but  occurs  in  remunerative  quantities 
in  placer  deposits  in  various  localities.  These  generally  either  lie 
upon,  or  in  the  immediate  vicinity  of,  certain  black  slaty  rocks 
traversed  by  quartz  veins,  from  the  disintegration  of  which  the 
alluvial  gold  appears  to  have  been  derived.  Similar  rocks,  undis- 
tinguishable  in  lithological  character  from  those  of  the  typical 
region,  may,  it  is  true,  occur  on  other  geological  horizons  in  the 
district,  but  no  clear  evidence  of  this  has  yet  been  obtained.  The 
rocks  are  generally  black  or  very  dark,  slaty,  or  schistose ;  often 
more  or  less  calcareous,  and  not  unfrequently  micaceous  or 
grajDhitic ;  more  rarely  chiastolitic.  Dr.  Dawson  is  of  opinion 
that  it  is  probably  to  the  presence  of  a  small  quantity  of  organic 
matter  in  the  sediments  from  which  these  rocks  have  been  made 
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that  their  metalliferous  character  is  due.  Their  fissile  structure 
has  subsequently  rendered  them  easily  permeable  by  waters,  which 
have  concentrated  the  minerals  of  economic  value,  with  quartz  and 
other  crystalline  materials  of  secondary  origin,  in  the  veins.  The 
rocks,  in  their  more  typical  localities,  appear  to  be  between  those 
of  the  Cache  Creek  group  (Carboniferous)  and  the  Upper  Mesozoic 
rocks  similar  in  age  to  the  Shasta  group  of  California.  Tbey  seem 
to  rest  conformably  on  the  former  series,  and  even  to  blend  with 
it,  whilst  the  latter  is  built  up  upon  their  upturned  edges.  They 
differ  in  appearance  from  the  recognised  Jurassic  rocks  of  the 
Iltasyouco,  and  have  yielded  no  fossils  with  the  exception  of  some 
obscure  impressions.  "Whilst  a  portion  of  these  rocks  may  repre- 
sent Jurassic  beds  differing  from  those  of  the  Iltasyouco  region  by 
reason  of  the  want  of  volcanic  materials,  part  at  least  would  seem 
to  represent  the  Triassic  period,  or  even  to  pass  downward  into  the 
Upper  Paleozoic.  They  are  not  very  different  from  the  slaty 
rocks  of  the  continuation  of  the  same  mountainous  belt  in  Cali- 
fornia, which  ai'e  highly  auriferous,  and  supposed  to  be,  at  least  in 
great  part,  Triassic.^ 

There  are,  at  the  present  time,  no  important  gold  diggings  on 
the  lower  part  of  the  Fraser  River,  although  it  was  this  region  that 
first  attracted  the  gold  miner  to  British  Columbia ;  a  considerable 
amount  of  gold  is,  however,  still  annually  obtained,  chiefly  by 
Indians  and  Chinamen  during  the  portion  of  the  year  when  the 
water  is  low.  From  the  Thompson,  near  Nicoamen,  the  first  gold 
known  to  have  been  found  in  British  Columbia  was  obtained, 
and  this  locality  still  continues  to  yield  considerable  quantities 
when  the  river  is  low.  The  Tranquille  River,  flowing  into 
Kamloops  Lake,  was  worked  previous  to  1862,  and  has  afforded 
occupation  to  a  varying  number  of  miners  ever  since,  although  it 
has  of  late  fallen  almost  entirely  into  the  hands  of  Chinamen. 
The  gold  is,  for  the  most  part,  scaly,  and  is  often  mixed  with  grains 
of  platinum.  At  St.  Louis  Creek,  on  the  lower  part  of  the  North 
Thompson,  the  gravels  were  formerly  worked  for  gold.  On  the 
South  Similkameen,  about  three  and  a  half  miles  above  Vermilion 
Forks,  gold  mining  has  been  carried  on  for  several  years,  although 
the  number  of  men  employed  is  not  large. 

Rock  Creek  still  continues  to  afford  profitable  employment  to  a 

few  men,  and  gold,  in  small  quantities,  has  been  found  on  several 

streams  flowins;  into  the  Okanagan  Creek  ;  of  these  diggings  those 

on  Mission  Creek,  where  the  gravels  of  the  flat  rest  upon  Tertiary 

^  Geological  Survey  of  Canada:  Report  of  Proyresf,  1877-78,  p.  153b. 
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beds,  have  proved  the  most  important.  Cherry  Creek,  a  tributary 
of  the  Shuswap  River,  has  yielded  a  considerable  quantity  of  gold, 
and  still  gives  employment  to  a  few  white  miners  and  a  much  larger 
number  of  Chinamen.  Although  there  are  numerous  quartz  reefs  in 
British  Columbia,  some  of  which  have,  by  assay,  been  shown  to  con- 
tain both  gold  and  silver,  few  of  them  appear  to  have  been  worked. 

According  to  Dr.  Dawson,  the  Leech  River,  in  Vancouver 
Island,  was  discovered  to  be  auriferous  in  1868.  For  some  time 
it  was  generally  thought  that  the  district  would  prove  to  be  a 
permanently  productive  gold-field,  and  houses  and  stores  were 
erected  accordingly.  About  £20,000  worth  of  gold  is  said  to 
have  been  obtained  in  a  comp£iratively  short  time  from  these 
diggings,  but  they  are  now  entirely  abandoned.  Gold  occurs  in 
Queen  Charlotte's  Island,  both  in  the  alluvium  and  in  quartz 
veins,  but  has  not  been  extensively  worked. 

It  is  estimated  that  the  value  of  the  gold  produced  in  British 
Columbia  during  the  year  1881  amounted  to  about  £240,000,  and 
that  the  total  value  of  that  metal  obtained  up  to  that  date  since 
its  discovery  in  1858  may  be  taken,  aj^proximately,  at  £9,350,000. 
The  output  has  steadily  fallen  since  1863,  and  was  only  23,501  oz., 
valued  at  $399,525,  or  about  £80,000,  in  1892.i  To  this  amount 
must  be  added  the  production  of  the  North-West  Territories,  which 
amounted  to  5,760  oz.,  worth  $98,006,  chiefly  from  placers  in  the 
Yukon  and  Saskatchewan  valleys.  Very  little  quartz  mining  is 
carried  on,  although  a  little  work,  chiefly  experimental,  is  being 
done  on  the  reefs  of  the  Cariboo  district. 

Silver. — Small  nuggets  of  native  silver  have  been  occasionally 
found  in  gold  placers  on  the  Similkameen  and  Mission  Creeks, 
besides  which  a  rich  silver  ore,  which  is  probably  freibergite,  occurs 
in  small  and  irregular  veins  at  Cherry  Creek.  These  veins  are 
enclosed  in  grayish  or  blackish-gray  slates,  and  the  veinstone  is 
principally  composed  of  quartz ;  assays  of  this  ore  have  some- 
times yielded  as  much  as  658  oz.  of  silver  to  the  ton.  Nodules  of 
argentiferous  galena  found  in  the  sluice  boxes  on  Cherry  Creek, 
but  above  the  known  lodes,  have  assayed  as  much  as  220  oz.  of 
silver  to  the  ton,  and  would  indicate  the  existence  of  veins  which 
have  not  yet  been  discovered. 

Since  about  1890  important  discoveries  of  silver  lead  have  been 

made  in   the  Kootenay  districts,   the  chief  deposits  being  in  the 

Illecillewast   and    Slocan  sub-divisions."     The    strata    consist    of 

1  Geological  Survey  of  Canada:  Annual  Report,  1893. 
-  Ibid  S.  p.  163. 
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contorted  and  locally  metamorphosed  shales,  slates  and  limestones, 
associated  with  dioritic  and  serpentinous  rocks.  Fissure  veins  are 
found  traversing  these  rocks,  and,  as  usual,  they  form  pockets  or 
bunches,  and  apparently  flats,  in  the  calcareous  strata.  The  veins 
show  a  banded  structure,  and  carry  chiefly  argentiferous  galena, 
together  with  arsenical  and  antimonial  ores  of  silver,  and  some 
copper,  perhaps  as  tetrahedrite  and  as  sulphide.  It  is  said  that 
shipments  have  in  some  cases  averaged  8200  per  ton.  The  mines 
have  hardly  passed  beyond  the  experimental  stage,  and  the  ore  is 
not  yet  treated  on  the  spot,  but  is  shipped  to  the  United  States  to 
be  smelted.  The  ores  produced  in  1892  carried  silver  to  the 
amount  of  77,160  oz.,  valued  at  .866,935.  Great  hopes  are  enter- 
tained of  the  future  developments  of  this  region. 

Other  Metals. — On  the  north  side  of  Copper  Island,  a  band 
of  schist  about  six  feet  in  thickness  exhibits  a  bright  copper  stain, 
and  on  examination  is  found  to  be  impregnated  wdth  copper  pyrites, 
to  the  decomposition  of  which,  on  the  surface,  the  coloration  is  due. 
Fragments  of  rich  copper  ore,  as  well  as  rounded  pieces  of  native 
copper,  have  been  found  on  the  Thompson.  Native  copper  has 
also  occasionally  been  found  on  the  Fraser,  and  less  frequently  on 
the  Similkameen.  The  Hall  Mines  in  the  year  ending  September 
30th,  1895,  produced  and  sold  copper  ores,  chiefly  yellow,  gray, 
and  peacock  ores  to  the  value  of  £7,955.i 

Bismuth  in  the  form  of  sulphide,  enclosed  in  thin  veins  of 
quartz,  has  been  found  on  the  north-east  side  of  Little  Shuswap 
Lake. 

Magnetite  occurs  in  considerable  quantities  in  Cherry  Bluff, 
Kamloops  Lake,  and  on  Iron  Mountain ;  it  is  also  reported  to  exist 
in  a  vein  several  feet  in  widtli,  in  a  ravine  half  a  mile  below 
Nicoamen.  According  to  Mr.  Richardson,  clay-ironstones  are  of 
frequent  occurrence  in  the  coal  rocks  of  Vancouver  and  Queen 
Charlotte's  Islands.  The  nodules  vary  in  w^eight  from  less  than 
a  pound  to  above  a  ton,  and  he  is  of  opinion  that  at  Baynes 
Sound  Mine  a  sufficient  amount  could  probably  be  obtained  to 
supply  a  blast  furnace.- 

Platinum  is  produced  in  some  of  the  placer  mines,  the  total 
amount  produced  in  1892  being  valued  at  83,500. 

The  following   table  ^    shows    the   production    of   metals    and 

1  Directors'  Report  for  1894-95. 

2  Geological  Survey  of  Canada  :  Report  of  Progress,  1872-73,  p.  81. 

*  First   Annual   General  Report   upon   the   Mineral   Industry   of  the    United 
Kingdom,  1895,  p.  55. 
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metalliferous  minerals  in  the  Dominion  of  Canada,  includinof 
Canada  proper,  Nova  Scotia,  New  Brmiswick,  and  British  Columbia, 
with  the  North-west  Provinces,  for  the  year  1893  : — 

Table  showing  the  Qu.4ntity  and  Vaiue  of  Met.^ls,  &c.,  raised  in  the 
Do.MiNiox  OF  Canada  during  the  Year  1893. 


Description. 

Weight. 

Value. 

Gold     ... 

51,609  oz. 
414,975    ,, 

3,620  tons 

953    ,, 

1,783    „ 

5    ,, 

111,341     ,, 

204    ,, 

955    , , 

52,270    „ 

£ 
190,530 

Silver  . 
Platinum 
Copper    . 
Lead    .    . 

66,046 

370 

179,972 

16,643 

426,647 

Nickel 

Zinc     .    . 

97 

Iron  ore 
Manganese 
Ochres     . 
Pyrites    . 

61,237 

ore 

2,971 

3,639 

36,088 

Total 

value 

984,240 

The  following  is  a  partial  return,  in  part  estimated,  of  the 
production  of  certain  of  the  metals  and  metallic  minerals  for 
1895  :  — 

Estimated  Production  in  the  Dominion  of  Canada  during  the  Year  1895. 


Description. 

Weight. 

Value. 

Gold    .    .    . 
Silver      .    . 
Copper    .    . 
Pig  iron 
Leatl    .    .    . 
Quick.silver 
Nickel     .    . 
Chrome  iron 
Manganese  oi 

or 
e 

1,775,683  oz. 
8,789  tons 
102,797    „ 
23,076    „ 

3,177    „ 

1                  125    ,, 

1,910,921 

1,158,638 

949,229 

238,070 

749,966 

2,343 

1,360,984 

41,307 

8,464 

Total  val 

ue 

(£1 

337, 

50 

0) 

6,419,922 

NEWFOUNDLAND. 

The  most  important  mines  in  Newfoundland,  which  is  the  only 
portion  of  British  North  America  not  included  in  the  Dominion  of 
Canada,  are  those  of  Betts'  Cove  and  Little  Bay,  situated   on  the 
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north-eastern  part  of  the    island,  where    the    deposits    appear  to 
occur  in  rocks  belonging  to  the  Quebec  group. 

Dr.  Sterry  Hunt  ^  regards  the  Quebec  group  as  of  great  economic 
importance,  as  it  is  the  principal  metalliferous  formation  of  large 
areas  in  North  America.  "  To  it  belongs  the  gold  found  along  the 
Appalachian  chain  from  Canada  to  Georgia,  together  with  the  ores  of 
lead,  zinc,  copper,  silver,  cobalt,  nickel  and  chromium.  The  latter 
metals,  particularly  chromium  and  nickel,  are  constantly  associated 
with  the  ophiolites  and  other  magiiesian  rocks  of  this  series,  whilst 
they  are  w^anting  in  similar  rocks  of  Laurentian  age.  The  deposits 
of  copper  ore  in  East  Tennessee,  and  the  similar  ores  in  Lower 
Canada,  belong  to  this  group.  The  ores  of  lead,  copper,  zinc, 
cobalt  and  nickel,  of  Missouri,  and  the  copper  of  Lake  Superior 
also  occur  in  rocks  of  the  same  age,  which  appear  to  be  pre- 
eminently those  of  the  metalliferous  period."  The  ore  at  these 
mines  occurs  in  deposits  under  conditions  strikingly  similar  to 
those  known  to  prevail  in  Eastern  Canada,  and  to  characterise 
rocks  of  apparently  contemporaneous  origin. 

There  are  important  copper  mines  at  Betts'  Cove,  Tilt  Cove 
and  Little  Bay,  where  lenticular  masses  of  cupriferous  iron  pyrites, 
in  metamorphic  rocks  of  perhaps  Archaean  age,  are  worked,  these 
deposits  resembling  in  many  respects  those  of  Huelva. 

The  production  of  copper  ores  from  these  mines  from  the  com- 
mencement of  shipments  in  1875  to  the  end  of  1882  was  a& 
follows : — 

Tons. 

'^} «.ooo 

1876  18,000 

1877  44,000 

1878  25,000 

1879  25,460 

1880  20,920 

1881  24,200 

1882  16,430 

182,010 

The  ore  consists  of  a  mixture  of  iron  and  copper  pyrites  con- 
taining about  7  per  cent,  of  copper,  with  but  little  silica,  and  is- 

^  American  Journal  of  Science,  vol.  xxxi.  1861,  p. 
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remarkably  free  from  arsenic.  The  Little  Bay  Mines  were  only 
opened  in  1878,  so  that  all  the  ore  shipped  previous  to  that  year 
must  have  come  from  the  Betts'  Cove  Mines  only. 

In  1893  the  production  of  copper  ore  and  regulus,  chiefly 
from  Tilt  Cove,  was  45,314  tons,  valued  at  £84,408.  Iron  pyrites 
to  the  amount  of  37,889  tons,  valued  at  £46,700  was  produced 
during  the  same  year.  These  mines,  owned  by  the  Cape  Copper 
Company,  Limited,  j)roduced  64,470  tons^  containing  3*84  per 
cent,  of  copper  in  the  years  1894-5. 


MEXICO. 

The  mountains  in  the  extreme  south-east  of  Mexico  are  mainly 
composed  of  ]3orphyry  with  limestone  and  clay  slate,  in  the  latter 
of  which  veins  of  silver,  copper  and  lead  ores  frequently  occur. 
Granite  forms  the  foundation  of  the  central  table  land,  but  its 
upper  strata  exhibit  an  extensive  area  of  porphyries  rich  in  the 
precious  metals,  together  with  basaltic  lavas,  trachytes,  clay  slates, 
amygdaloids,  syenites,  serpentines,  dolerites,  limestones  and  sand- 
stones. The  Cerro  del  Mercado,  in  Durango,  is  said  to  consist 
chiefly  of  iron  ore.  The  mineral  products  of  Mexico  are  perhaps 
richer  than  those  of  any  other  country,  and  include  gold,  with  ores 
of  silver,  iron,  copper,  lead,  tin  and  quicksilver. 

Gold  and  Silver. — Amongst  the  most  celebrated  mines 
are  those  of  Guanaxuato,^  which  were  opened  by  the  Spaniards 
at  the  beginning  of  the  sixteenth  century.  Their  production 
of  oold  and  silver,  from  1701  to  the  end  of  1865,  has  been 
estimated  at  521,106,638  pesos,  or  2,600  miUions  of  francs. 
Sedimentary  rocks,  of  which  the  exact  geological  horizon  has  not 
been  determined,  contain  the  celebrated  lode  knoAvn  as  the  Veta 
Madre.  This  deposit,  which  is  one  of  the  most  important  in  the 
world,  coincides  exactly  in  strike  (45°  to  50°  N.W.)  and  dip  (45° 
S.W.)  with  the  bedding  of  the  country  rock,  and,  consequently 
may  be  regarded  as  a  bedded  lode.  The  clay  slates  are  probably 
of  Devonian  age,  whilst  the  conglomerate  beds  belong  to  the  New 
Red  Sandstone  period.  In  the  Valenciana  and  Bayas  Mines  the 
lode  is  most  productive  at  the  contact  of  these  two  rocks,  and 
has  a  width  of  150  yards,  with  from  90  to  120  yards  of  ore  ground. 

1  Report  of  the  Directors  for  189.5. 

2  E.  Tilmann,  Der  Berghau  von  Guanajuato,  Miinster,  1866. 
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The  veinstone  consists  principally  of  amethystine  quartz  and 
calc  spar,  enclosing  interstratified  fragments  of  country  rock. 
Among  the  other  minerals  present,  gypsum,  spathic  iron  ore, 
fluor  spar,  apophyllite  and  asbestos  are  the  most  common ;  heavy 
spar  is  entirely  absent.  The  curious  interpolations  of  talcose  rocks 
impregnated  with  silver  ore,  cMed  jahoncs,  which  are  found  in  La 
Luz  and  in  some  other  lodes,  also  occur  in  the  Veta  Madre.  The 
metals  and  ores  are  native  gold,  native  silver,  argentite,  and,  more 
rarely,  stephanite,  pyrargyrite,  fahlerz,  galena  and  blende.  Copper 
pyrites  and  iron  pyrites  are  of  frequent  occurrence,  the  latter  being 
always  argentiferous.  Geodes  are  plentiful,  and  in  them  all  the 
above-mentioned  minerals  occur  in  a  crystallised  form.  In  the 
lodes  of  Guanaxuato  the  ore  is  first  found  at'  a  depth  of  about 
forty  fathoms,  and  at  from  200  to  250  fathoms  the  ores  become 
so  rich  in  atimony  and  lead  as  to  be  no  longer  adapted  for  amal- 
gamation. In  addition  to  the  Veta  Madre  two  other  systems  of 
lodes  are  met  with  in  the  neighbourhood  of  Guanaxuato, 

1st.  At  Santa  Rosa  the  porphyry  is  traversed  by  lodes  con- 
taining silver  ores,  native  gold,  and  quartz. 

2nd.  The  lodes  of  La  Luz  traverse  diorite  in  a  direction 
15°  to  45°  N.W.,  and  with  a  dip  of  from  50°  to  70°  S.W.  The 
veinstone  is  quartz  and  calc  spar,  with  masses  of  the  talcose 
rock  above  referred  to,  impregnated  with  silver  ores,  known  as 
jaboncs,  which  form  the  principal  source  of  the  riches  of  La  Luz. 

The  rich  silver  lodes  in  the  grauwacke  of  Zacatecas,  north-west 
of  Guanaxuato,  appear  to  be  very  similar  to  the  Veta  Madre. 
Fourteen  leagues  north-west  of  Zacatecas  is  the  city  of  Fresnillo,^ 
at  the  foot  of  a  mountain  known  as  the  Cerro  de  Proano,  which  is 
intersected  by  silver-bearing  veins,  of  which  the  number  is  stated 
to  exceed  fifty.  These  are  all  true  veins,  enclosed  either  in 
grauwacke  or  Devonian  clay  slate.  They  carry  three  classes  of 
ore,  respectively  distinguished  as  colorados,  negros  and  azulaqucs. 

Los  colorados,  the  red  ores,  are  distinguished  as  carrying  chiefly 
native  silver,  silver  chloride  or  chlorobromide  {^j)lata  verde), 
mingled  with  reddish  iron  oxides  and  quartz,  rarely  with  remains 
of  unoxidised  ores.  In  short,  the  red  ores  mark  the  zone  of  de- 
composition influenced  by  the  atmosphere  and  its  waters,  the 
depth  to  which  they  penetrate  varying  considerably  in  different 
veins.  Los  negros,  the  black  ores,  are  essentially  a  quartzose 
veinstone  carrying  black  sulphides  of  silver,  argentite,  stephanite, 

^  B.  Silliman,  Sketch  of  the  Great  Historic  Mines  of  the  Cerro  de  Proano  at 
_FresniUo,  New  Haven,  1883. 
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pyrargyrite,  &c.,  with  native  silver  and  iron  pyrites,  Los 
azulaqiLcs,  or  bluish  ores,  are  essentially  peculiar  to  the  veins 
of  the  Cerro  de  Proaiio,  and  consist  of  the  same  ores  found  in 
the  adjacent  veins,  but  distributed  in  the  body  of  the  country 
rock  for  a  distance  of  from  sixteen  to  thirty-two  inches  beyond  the 
lode.  For  this  distance  the  country  rock  is  found  to  be  impreg- 
nated with  iron  pyrites,  argentite,  horn  silver  and  native  silver,  in 
thin  coatings.  The  total  value  of  the  silver  produced  by  the  Cerro 
de  Proaiio  mines,  from  18.53  to  1862,  was  $9,825,595. 

The  mining  district  of  Tatatila  and  Zomelahuacan  ^  is  seven 
geographical  miles  from  Jalapa.  The  district  is  formed  of  lime- 
stone, greenstone,  porphyry  and  trachyte,  and  the  lodes  occur 
most  frequently  in  the  limestone,  rarely  in  the  greenstone  and 
porphyry,  and  never  in  the  trachyte.  The  lodes,  the  number  of 
which  is  very  great,  are  on  an  average  from  three  to  six  feet  in 
width,  dip  at  a  great  angle,  and  course  nearly  north  and  south. 
Four  distinct  groups  of  veins  are  distinguished,  namely  : — 

1.  Auriferous  lodes  containing  native  gold  enclosed  in  quartz 
coloured  by  iron  oxide. 

2.  Silver  lodes  containing  argentiferous  ores  in  a  gangue  of 
calc  spar  and  quartz. 

3.  Lodes  containing  argentiferous  galena,  quartz,  and  calc 
spar. 

4.  Copper  ore  veins,  coursing  very  irregularly,  contaming  auri- 
ferous copper  i^yrites  and  variegated  copper  ore. 

The  ore  masses  of  La  Concepcion  Mine,  which  do  not  belong 
to  any  one  of  the  above  groups,  as  they  contain  at  the  same  time 
auriferous  quartz,  lead,  silver  and  copper  ores,  are  among  the  most 
important. 

Near  Pachuca,-  twenty-two  leagues  north  of  the  city  of 
Mexico,  is  the  mining  village  of  Real  del  Monte.  The  Sierra  de 
Pachuca  at  this  point  is  composed  of  variously  coloured  porphyries 
invariably  forming  the  matrix  of  the  ores,  these  being  never  found 
in  the  younger  eruptive  rocks  which  burst  through  the  porphyries. 
Stratified  rocks  do  not  occur  in  the  neighbourhood  either  of 
Pachuca  or  of  Real  del  Monte.  The  lodes,  which  are  numerous, 
course  nearly  east  and  west,  and  are,  generally  speaking,  parallel ; 
they  usually  dip  70°  S.,  but  in  some  exceptional  cases  their 
dip  is  towards  the  north;    cross   lodes,   coursing   from  north  to 

1  Richter  und  Hiibner,  Zeitschr.  f.  Berg.  Hiitt.  ii.  Salineniv.  xxi.  1873,  p.  26. 

2  Ibid.  p.  103. 
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south,  are  rare,  and  have  no  great  thickness.  The  veinstone 
chiefly  consists  of  quartz  and  decomposed  porphyry,  whilst  calcito 
is  of  rare  occurrence,  and  heavy  spar  is  still  less  abundant. 
Native  silver  and  stephanite  are  common,  whilst  pyrargyrite, 
blende  and  copper  pyrites  arc  comparatively  rare.  The  average  per- 
centage is  from  0"15  to  018  of  silver,  which  contains  0"2  per  cent, 
of  gold.  The  widest  lode  is  that  of  Arevalo,  near  El  Ghico,  which 
is  from  sixty-four  to  seventy-five  feet  in  width,  but  contains 
much  worthless  material.  'The  lode  of  greatest  extent  is  the 
Veta  Biscaina,  which  may  be  traced  for  5,000  fathoms  along 
its  strike,  and  is  perhaps  connected  with  the  Veta  Madre  of 
Guanaxuato. 

The  Jocuistita  silver  mine  is  situated  about  100  miles  north 
of  Mazatlan,  Sinaloa,  at  an  altitude  of  3,500  feet  above  the  sea 
level.  During  the  year  ending  1st  June,  1882,  5,500  tons  of  ore 
from  this  mine  were  smelted  on  the  spot,  yielding  $1,010,529  of 
bullion. 

Numerous  silver-bearing  veins  also  occur  in  the  district  of 
Carmen  in  Sonora,  where  they  appear  to  be  connected  with  erup- 
tions of  trachytic  porphyry.  The  Alamada  and  Tirito  Company  ^ 
at  Promontorios  produced  in  1895  ore  to  the  amount  of  1,890  tons, 
containing  on  an  average  57'8  ounces  to  the  ton,  and  worth 
8115,613.  Many  other  localities  might  also  be  named  in  which 
silver  ores,  usually  low  grade,  but  very  abundant,  are  mined. 
Generally  speaking,  they  occur  in  calcareous  rocks,  or  else 
connected  with  eruptive  rocks,  often  trachyte.  It  would  almost 
seem  as  though  silver  ores  had  formed  wherever  the  physical  or 
chemical  characters  of  the  country  rock  admitted  of  the  action  of 
mineralising  solutions. 

It  is  estimated  that  from  1521  to  1891,  Mexico  produced  silver 
to  the  value  of  $4,000,000,000.  It  is  supposed  that  the  third  part 
of  the  silver  in  the  world  has  come  from  Mexican  mines. 

The  output  of  precious  metals  in  Mexico  in  1881  is  officially 
stated  at  829,713,355.2  In  1880  the  production  was,  gold  $989,161, 
silver  825,167,763.3 

The  following  is  stated  semi-officially  •*  as  the  value  of  the 
exports  of  gold  and  silver  from  Mexico  between  the  years  1880 
and  1892,  the  values  being  expressed  in  Mexican  dollars : — 

^  Rtport  of  the  Directors  for  1895. 

"  B.  Silliman,  Cerro  de  Proano,  p.  12. 

^  C.  King,  Production  of  the  Precious  Metals,  Washington,  1881. 

^  Luis  Pombo.     Mexico :  1876-1892.     Mexico,  1893,  p.  125. 
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Gold. 

Silver. 

$ 

$ 

1880-81 

.     .     .     .     1,151,148     .     .     . 

.     17,774,910 

1881-82 

.     .     .     1,042,031     .     .     . 

.     15,700,704 

1882-83 

.     .     .       879,747     .     .     . 

.     28,441,212 

1883-84 

.     .     .       927,300     .     .     . 

.     32,242,770 

1884-85 

.     .     .       881,526     .     .     . 

.     32,770,900 

1885-8G 

.     .     .       607,467     .     .     . 

.     29,160,835 

1886-87 

.     .     .       519,084     .     .     . 

.     32,642,785 

1887-88 

.     .     .       585,651     .     .     . 

.     30,286,247 

1888-89 

.     .     .       602,762     .     .     . 

.     37,982,948 

1889-90 

.     .     .       554,202     .     .     . 

.     37,912,848 

1890-91 

.     .     .       746,888     .     .     . 

.     35,259,131 

1891-92 

.     .     .     .       926,932     .     .     . 

.     46,272,391 

lu  1893^  the  production  of  gold  was  1,964  kilogr.,  worth 
$1,805,300,  and  of  silver  1,880,116  kilogr.,  worth  $57,357,600, 
this  latter  figure  being  27  per  cent,  of  the  world's  production. 
Mexico  ranks  second  only  to  the  United  States  as  a  silver  producer. 

The  output  of  precious  metals  for  1894  -  is  given  as  : — 

\'aliie. 

.     .       $4,500,000 


Gold 
Silver 


Kilogr. 

6,771 


1,463,361 


$29,640,378 


The  following  table  ^  shows  the  nature  and  value  of  the 
■exports  of  the  precious  metals,  and  of  substances  containing  them, 
for  the  fiscal  year  July  1st,  1893,  to  June  30th,  1894  :— 


Argentiferous  copper 
Silver  ore     . 
Coined  silver    .     . 

Slags 

Silver  bars  . 
Silver  with  gold    . 
Sulphide  of  silver 
Argfentiferous  lead 


Coined  gold  (Mexican) 
Gold  bars     .... 
Gold  with  silver    .     . 
Gold  ore 


$877,216 

9,023,596 

17,386,838 

60,590 

3,130.823 

4,750,720 

757,101 

9,927,324 

$135,999 

155,954 

480,890 

55,799 


Total 


$45,413,708 


828,642 
$46,242,350 


1  Report  of  the  Director  of  the  U.S.  Mint,  1894,  p.  163. 

2  The  Mineral  Industry,  iii.  1894,  p.  281. 

^  Ihid.  p.  283  (quoted  from  the  Boletin  Semedral  de  la  Direccion  General  de 
Estadistica). 
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Copper. — Copper  is  principally  produced  by  the  well-known 
Boleo  Mine,  operated  by  a  French  company.  The  ore,  according  to 
Fuchs,!  occurs  in  three  beds,interstratified  with  argillaceous  tufa  and 
conglomerates,  the  country  being  traversed  by  various  eruptive  rocks, 
chiefly  trachytes.  The  beds  appear  to  be  tufaceous,  and  to  contain 
various  oxidised  copper  ores,  which  occur  generally  in  concretionary 
spherulites.  Work  was  commenced  here  in  188-1,  and  operations 
on  an  extensive  scale  about  1887.  The  output  was  6,28'1  tonnes 
of  copper  in  1892,  the  total  copper  production  of  Mexico  for  that 
year  being  only  7,663  tonnes.  Copper  shipments  from  Mexico  seem 
to  have  commenced  about  1886,  when  163  tons  were  shipped. 

Mercury. — Mercury  s.  has  been  found  in  small  quantities  in 
various  places,  frequently  associated  with  rocks  of  Neocomian  age  ; 
the  most  important  districts  are  Guadalcazar  and  Huitzuco  in  the 
State  of  Guerrero.  In  the  former  locality  it  occurs  in  calcareous  rocks 
of  Cretaceous  age,  where  it  forms  veins  and  impregnations,  the  age 
of  the  formation  and  nature  of  the  deposits  being  similar  to  those 
in  California;  in  1894  the  Guadalcazar-  district  is  said  to  have 
produced  about  2,500  flasks,  and  Huitzuco  about  5,000  flasks. 
The  total  production  of  Mexico  for  that  year  is  given  as  268 
tonnes. 

Tin. — Tin  is  said  to  occur  in  small  quantities  in  various  parts 
of  Mexico,  and  to  have  been  worked  at  an  early  period ;  the  mines 
in  the  State  of  Durango  are  the  most  important.  In  Potrillos  ^  a 
certain  amount  of  stream  tin  has  been  got,  and  cassiterite  occurs 
along  the  fault  planes  or  joint  planes  of  rhyolite-tuffs  in  ill-defined 
ore  bodies.  In  the  Cacaria  district  tinstone  occurs  in  quartz 
porphyry  traversed  by  a  network  of  small  veins ;  one  mine,  the 
Mina  del  Diablo,  seems  to  consist  of  a  very  narrow  belt  of  such 
rock. 

Near  the  well-known  iron  mountain  of  Durango  tinstone 
occurs  in  rhyolite  as  at  Potrillos,  and  many  of  the  silver  mining 
districts  have  yielded  small  amounts  of  cassiterite.  The  association 
is  worth  noting,  though  it  seems  to  be  far  from  being  as  intimate 
as  it  is  in  Bolivia.  No  accurate  figures  are  available  respecting 
the  output,  but  this  is  stated  to  be  under  50  tons  per  annum. 

1  Traite  (Its  Gites  mineraux  et  mttalliftrtx^  1893,  ii.  p.  349. 

2  Tht  Mineral  Industry  for  1894,  p.  480. 

3  W.  R.  Ingalls,  "  The  Tin  Deposits  of  Durango,"  Trans.  Amer.  Inst.  Min. 
Enrj.  189.5. 
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SOUTH      AMERICA. 

BRAZIL. 

Gold. — Brazil  ^  lias  long  been  celebrated  for  its  gold  mines, 
which  were  first  extensively  worked  about  the  beginning  of  the 
last  century,  and  have,  in  the  aggregate,  afforded  very  considerable 
amounts  of  that  metal.  The  large  quantities  of  gold  produced  in 
Brazil  during  the  eighteenth  century  were  almost  exclusively  the 
yield  of  alluvial  washings,  principally  in  the  province  of  Minas 
Geraes,  which  have  become  to  a  great  extent  exhausted,  so  that  the 
gold  now  produced  is  almost  entirely  the  result  of  deep  mining  in 
solid  rock.  Many  of  the  auriferous  deposits  of  Brazil  differ  essen- 
tially in  character  from  those  of  most  other  countries,  since  the  gold 
is  often  disseminated  in  metalliferous  strata  rather  than  enclosed  in 
auriferous  veins.  The  chief  gold  mines  ^  occur  along  the  chain  of 
the  Espinha^o  Mountains  for  a  length  of  1,200  kilometres. 

The  richest  portion  of  the  province  of  Minas  Geraes  is  that 
situated  between  Congonhas  do  Campo  on  the  south,  Candonga 
on  the  north,  the  tributaries  of  the  Rio  Doce  on  the  east,  and 
the  Rio  das  Velhas  on  the  west.  The  auriferous  series  is  here 
made  up  of  granite  and  gneiss,  overlain  by  micaceous  and  talcose 
schists  with  interstratified  seams  of  quartzite,  which  usually  con- 
tains either  mica  or  talc.  These  micaceous  rocks  are  succeeded 
by  clay  slate,  and  often  enclose  lenticular  masses  of  quartz.  The 
clay  slate  is  followed  either  by  an  inconsiderable  stratum  of 
granular  quartz,  or,  more  frequently,  by  thin  bands  of  magnetite 
and  specular  iron  ore  alternating  with  granular  quartz.  The 
characteristic  gold-bearing  rocks  of  Brazil  are  known  as  itacohcviite, 
itahiritc  and  jacotinga. 

Itacolumite  is  a  friable  sandstone  consisting  mainly  of  quartz 
sand,  but  containing  talc  or  mica,  and  sometimes  also  possessing 
a  certain  amount  of  flexibility  when  in  thin  laminae.  Itahiritc  is 
a  mixture  of  specular  iron  ore  and  magnetite  with  a  variable 
amount  of  quartz,  and  is  either  granular,  schistose,  or  compact. 
Geologically,  it  occupies  the  upper  portion  of  the  Archaean  forma- 

1  W.  J.  Henwood,  '.'  ^letalliferous  Deposits,"  Trans.  Roy.  Geol.  Soc.  oj 
Cornwall,  viii.  Penzance,  1871  ;  0.  A.  Derby,  American  Journal  of  Science, 
1882,  p.  178;  J.  A.  Phillips,  The  Mining  and  Metallurgy  of  Gold  and' Silver, 
London,  1867,  p.  80. 

-  Le  Bredl  en  1889,  p.  69. 
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tion.  Jacotinga  consists  of  micaceous  iron  ore,  brown  iron  ore, 
and  quartz,  the  latter  usually  in  a  state  of  granular  disintegra- 
tion. Oxide  of  manganese,  talc,  iron  pyrites  and  massive  iron 
glance  are  its  chief  accessory  minerals.  It  may  possibly  be  a 
product  of  disintegration  of  itabirite ;  it  often  carries  gold, 
generally  in  fine  strings,  and  is  sometimes  excessively  rich.  The 
granite  of  Candonga  contains  gold  alloyed  with  palladium.  The 
slaty  ironstones  or  ferruginous'sandstones  often  assume  the  form  of 
lenticular  beds,  of  which  the  central  portions  occasionally  contain 
flakes  and  grains  of  gold,  sometimes  isolated,  but  at  others  con- 
nected with- one  another  by  threads  and  filaments  of  that  metal. 
Towards  the  edges  and  sides  of  these  auriferous  bunches  the  par- 
ticles of  gold  gradually  diminish  in  size  and  become  less  plentiful 
until  the  rock  at  length  assumes,  in  all  respects,  the  appearance 
and  composition  of  ordinary  jacotinga.  At  Gongo  Soco  a  lenticular 
mass  of  itabirite  is  both  enclosed  in,  and  penetrated  by,  veins  of 
auriferous  jacotinga.  The  gold  of  this  formation  is  always  alloyed 
with  silver  and  copper,  and  sometimes  also  with  platinum  and 
palladium.  The  later  metal  is  characteristic  of  gold  derived  from 
the  disintegration  of  itabirite,  when  the  gold  sometimes  contains 
as  much  as  12  per  cent,  of  palladium. 

At  Sao  Joa"b  d'El  Eei  there  are  auriferous  deposits  which  were 
for  many  years  worked  with  great  profit,  the  gold  having  been 
principally  obtained  from  a  conglomerate  containing  rolled 
pebbles  of  itacolumite  and  of  unctuous  schists.  The  celebrated 
Morro  Velho  Mine  is  situated  fifty  miles  south  of  Ouro  Preto 
in  the  province  of  Minas  Geraes,  and  was  for  a  time  worked 
by  native  miners ;  but  on  the  failure  of  the  Sao  Joao  d'El  Rei 
Mines  it  was  purchased  by  the  St.  John  del  Rey  Company,  and 
has,  for  many  years,  been  worked  by  them  with  success. 

The  gold  is  obtained  from  a  quartz  lode  enclosed  in  clay  slates, 
schists  and  quartzites,  which,  although  irregular,  both  in  direction, 
dip,  and  dimensions,  is  strong,  and  generally  well-defined,  its  aver- 
age thickness  being  about  26  feet.  The  vein  chiefly  consists  of  a 
mixture  of  magnetic,  arsenical,  and  common  iron  pyrites,  dis- 
seminated in  a  quartzose  gangue,  being  composed;  approximately 
of  40  per  cent,  of  quartz  and  60  per  cent,  of  various  metallic 
sulphides,  its  average  yield  being  18  gram,  to  the  tonne.  The 
arsenical  pyrites  carries  most  of  the  gold,  the  smallest  grain  of 
.which  is  rarely  seen  previous  to  the  concentration  of  the  ore. 
Arsenical,  magnetic  and  ordinary  iron  pyrites  respectively  pre- 
-dominate  at  different  points,  whilst  calc  spar,  brown  spar,  and,  more 
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rarely,  yellow  copper  ore  are  also  present  in  the  vein,  which  is  not 
unfrequently  traversed  by  clay  slate  and  barren  white  quartz. 
When  pyrites  is  entirely  absent,  gold  in  appreciable  quantity  is 
rarely  present.  The  richest  portion  forms  a  pay  chute  about  20Q 
metres  long,  dipping  at  about  45°,  which  has  been  worked  to  a 
depth  of  600  metres. 

The  Morro  Velho  Lode  is  in  some  places  more  cavernous  and 
less  close  in  its  texture  than  in  others,  but  where  drusy  cavities 
are  plentiful  the  yield  of  gold  invariably  diminishes.  The  most 
productive  matrix  for  gold  is  a  compact  mixture  of  quartz  and 
pyrites,  enclosing  varying  quantities  of  country  rock.  The  great 
metalliferous  deposit,  known  as  the  Cachoeira,  Bahu  and  Quebra 
Panella,  is  one  continuous,  but  very  irregular,  vein  varying  in 
width  from  seven  to  seventy  feet,  and  at  one  point  reaching  100 
feet  in  thickness.  The  average  width  of  this  deposit  at  a  depth 
of  170  fathoms  in  the  Cachoeira,  and  of  1G5  fathoms  in  the  Bahu 
workings,  was  19  feet,  and  stoping  ground  extended  over  a  length 
of  about  807  fathoms.  There  is  also  a  north  branch  called  the 
Gamba  separated  from  the  main  deposit  by  a  band  of  country  rock, 
which,  although  containing  a  certain  amount  of  gold,  is  too  poor  to 
admit  of  being  worked  at  a  profit. 

The  shafts,  so-called,  as  the  whole  of  the  lode  has  been 
excavated  from  the  surface,  are  carried  down  at  an  inclination  of 
about  4'o  ,  and  the  mineral  is  brought  up  by  strong  kibble-like 
carriages  each  holding  a  ton. 

The  stamp-mills,  as  well  as  all  the  other  machinery,  are  driven 
by  water-power.  The  average  yield  of  the  ore  at  Morro  Velho  has 
been  about  4'333  oitavas  ^  of  gold  alloyed  with  silver,  or  as  nearly 
as  possible  half  a  troy  oz.,  value  32s.  Gd.  per  ton ;  in  1895  it  was 
13  dwt.  to  the  ton,  but  fluctuates  a  good  deal. 

In  1875  the  mines  belonging  to  the  St.  John  del  Bey  Company 
produced  bullion  to  the  value  of  £144,072 ;  in  1876  the  value  of 
the  gold  and  silver  obtained  amounted  to  £247,820,  and  in  1877  to 
£176,580.  From  the  fiftieth  annual  report  of  this  company  it 
would  appear  that  in  1880  they  stamped  63,540  tons  of  ore,  and 
realised  a  net  profit  of  £63,000. 

Work  was  commenced  in  the  Morro  Velho  Lode  in  1835,^  and 
from  then  up  to  1887  the  total  production  was  about  50,000 
kilogr.  of  gold. 

1  The  gold  obtained  at  Morro  Velho  is  usnalh-  alloyed  with  about  20  per  cent., 
of  silver.     An  oitav^a  is  2  dwt.  7 '343  gr.  troy. 

2  Le  Brddl  en  1889,  Paris,  1889,  p.  G4. 
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The  Ciiyaba  Mine,  worked  by  the  same  company,  is  a  bedded 
deposit  of  auriferous  pyrites,  much  poorer  than  the  Morro  Velho 
Lode,  since  its  average  is  only  5'5  gram,  to  the  tonne.  This  mine 
produced  87  kilogr.  of  gold  in  1887.  In  the  twelve  months  March, 
1895,  to  February,  1896,  the  St.  John  del  Rey  Company  ^  raised 
72,894  tons  of  quartz  and  crushed  58,868  tons,  producing  331,271 
oitavas,  or  38,189  ounces  of  gold.  Deep  vertical  shafts  have  been 
sunk  and  equipped,  and  there  are  100  stamps  at  work. 

The  Santa  Barbara  Gold  Mining  Company  works  the  Pary 
Mine ;  the  deposit  here  is  an  intercalated  vein  running  in 
micaceous  and  hornblendic  schists,  with  a  strike  about  north  and 
south  and  a  dip  to  westward  at  30°  to  40°.  Work  was  commenced 
in  1862  and  up  to  1887  the  production  had  been  2,038  kilogr. ;  in 
1887  it  was  196  kilogr.  The  average  richness  of  the  ore  is  about 
11  gram,  to  the  tonne. 

The  Ouro  Preto  Gold  Mining  Company  owns  mines  at  Pas- 
sagem,  Raposos,  Espirito-Santo  and  Borges,  but  practically  only 
the  first  is  being  worked  actively.  There  is  a  contact  deposit 
between  itabirite  on  the  hanging  and  mica  schist  on  the  foot  wall, 
striking  N.E. — S.W.  and  dipping  20°  to  the  south-east.  The  width 
is  variable,  up  to  about  16  feet.  The  gangue  consists  of  quartz 
and  occasionally  garnets,  and  the  metallic  minerals  are  iron  and 
arsenical  pyrites,  magnetic  pyrites,  galena  and  bismuth,  and  of 
course  gold.  In  the  process  of  amalgamation,  an  amalgam  of 
bismuth  and  gold  is  produced,  from  which  a  certain  amount  of  the 
former  metal  is  always  recovered.  In  November,  1888,  there  were 
crushed  1,930  tons  of  ore,  yielding  24-268  kilogr.  of  gold,  besides 
some  bismuth.  The  production  for  1887  was  270  kilogr.  of  gold. 
In  the  year  ending  June  30th,  1895,-  this  Company  obtained  the 
following  results  : — 

Passagem  Mine  46,138  tons  crushed,  got  16,068  oz.  bar  gold  850  per  mil.  fine. 
Raposos  Mine      2,384  ,,  ,,  32.5  ,,  ,,  ,, 

Total  value  of  gold  got  £60,097. 

The  mines  of  Dom  Pedro,  North  del  Rey,  Gongo  Socco  and  several 
others  are  working  on  beds  of  auriferous  jacotinga,  which  is 
often  very  rich,  e.g.,  at  Gongo  Socco  from  1826  to  1856  there  was 
produced  gold  to  the  value  of  £6,118,195.  At  the  Maguire  Mine 
103  tonnes  of  jacotinga  yielded  124  kilogr.  of  gold  in  1868, 

Of  the  alluvial  deposits  the  best  known  are  the  placers  on  tbf' 

^  Directors  Report  for  189o. 
2  Ibid. 
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rivers  CabaQal  and  Coyapo,  Barro  Alto,  &c.  The  bed  rock  is  gener- 
ally granite  or  raetamorpbic  schists,  and  the  placers  are  generally 
shallow. 

About  1888  the  province  of  Mines  Geraes  was  producing  about 
2,100  kilogr.  of  gold  per  annum ;  the  total  production  from  1700 
to  1888  is  estimated  at  658,228  kilogr.  The  production  during 
the  same  period  of  the  other  provinces — Bahia,  Maranhao,  San 
Paulo,  Parana,  Rio  Grande  do  Sul,  Matto  Grosso  and  Goyaz — is 
estimated  at  twenty  millions  of  pounds  sterling. 

Soetbeer  estimates  the  value  of  the  gold  production  of  Brazil 
from  the  year  1691  to  1875  at  £144,668,475;  the  U.S.  Mint 
Report  estimates  it  at  £173,800  during  1893. 

Other  Metals. — Iron  ores  ^  abound  in  almost  every  part  of 
Brazil,  and  the  dej)osits  which  occur  in  the  province  of  Minas  Geraes 
alone  would  appear  to  be  almost  inexhaustible.  In  this  province  a 
superficial  deposit  of  a  clastic  iron  ore,  varying  from  one  to  four  yards 
in  thickness,  extends  for  a  great  distance,  resting  on  iron  schist,  mica 
schist,  talc  schist,  clay  slate,  or  itacolumite  as  a  bed-rock.  This  ore 
is  known  under  the  name  of  canga  and  consists  of  angular  frag- 
ments of  magnetite,  iron  slate,  iron  glance  and  brown  iron  stone, 
together  with  small  quantities  of  quartzite,  itacolumite,  and  other 
rocks.  The  cementing  material,  which  imparts  great  tenacity  to 
the  breccia,  is  red  iron  ore,  brown  iron  ore,  and  yellow  and  red 
ochres. 

Itabirite "  often  loses  its  quartzose  constituents  and  then  passes 
into  beds  of  specular  ore  and  haematite,  containing  also  magnetite, 
martite  and  oxides  of  manganese.  Deposits  of  these  ores,  as  well 
as  of  canga,  are  enormously  developed  near  Ouro  Preto.  These 
ores  are  smelted  by  the  natives  to  some  extent  in  small  fires  like 
Catalan  forges,  using  charcoal  as  fuel.  There  are  probably  a 
hundred  such  forges  in  existence,  and  about  3,000  tonnes  of  iron  of 
admirable  quality  are  thus  annually  produced.  At  Sa~o  Paolo 
lenticular  deposits  of  magnetite  occur,  the  ore  from  which  is 
treated  in  a  small  charcoal  blast  furnace  establishment,  belonging 
to  the  Government ;  in  1887  there  were  790  tonnes  of  pig-iron 
thus  produced. 

At  Santa  Catharina  there  are  large  deposits  of  mangauiferous 
haematite,  averaging  30  per  cent,  of  manganese,  and  25  to  30  per 
cent,  of  iron ;  they  sometimes  pass  into  pure  manganese  ores. 
These  latter,  both  in  veins  and  in  irregular  deposits,  abound  in 

^  A.  de  Bo  vet,  Ann.  den  Mines,  iii.  1883,  p.  85. 
-  Le  Brdsil  en  1889. 
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many  localities  ;  in  some  swampy  districts,  deposits  of  maDganite 
analogous  to  bog  iron  ores  have  been  found.  A  certain  amount  of 
high  grade  manganese  ore  has  recentl}'"  been  shipped  to  this 
country  from  Brazil.  Copper  ores  are  known  in  several  places, 
chiefly  in  Rio  Grande  do  Sul.  Argentiferous  galena  is  also  known 
to  occur  in  several  places,  as  also  are  ores  of  antimony  and 
bismuth.     No  statistics  of  mineral  production  are  available. 


CHILI. 

Chili  is  rich  in  minerals  ;  and  among  its  metals  are  gold,  silver, 
copper, lead, antimony, cobalt,  nickel,  zinc,  bismuth,  iron,  manganese, 
and  quicksilver.  Gold  is  found  in  quartz  veins  running  nearly 
north  and  south,  and  is  accompanied  by  galena,  blende,  copper 
pyrites,  iron  pyrites  and  iron  glance,  but  the  chief  proportion  of 
the  gold  hitherto  produced  in  Chili  has  been  obtained  by 
washing  the  beds  of  rivers. 

Gold. — Andacollo,^  40  miles  S.E.  from  Coquimbo,  is  the  chief 
gold  mining  district.  There  are  important  gravel  deposits  at  this 
place,  which  have,  however,  never  been  worked  on  a  large  scale 
for  want  of  water,  which  is  scarce.  One  of  these  deposits  is 
now  being  worked  by  an  amalgamation  process,  yielding  about 
9  grains  of  gold  to  the  ton  of  gravel.  The  boulders  consist 
chiefly  of  igneous  rocks,  whilst  pebbles  of  ilmenite  and  other 
oxides  of  iron,  quartz,  calcite,  iron  jjyrites,  arsenical  and  copper 
pyrites,  &c.,  all  characteristic  of  the  gold  veins  of  the  district, 
are  found  in  the  gravel ;  the  gold  is  chiefly  in  the  form  of 
dust,  nuggets  of  more  than  2  or  3  dwt.  in  weight  being  rare. 

There  are  numerous  veins,  whose  general  trend  is  east  and 
west,  and  whose  breadth  varies  from  a  few  inches  to  three  or 
four  feet.  The  upper  part  of  the  veins  is  filled  with  quartz,  calcite 
and  oxides  of  iron,  and  the  gold  is  free,  but  at  a  depth  of  100  feet, 
or  sometimes  less,  a  pyritic  zone  is  reached,  in  which  the  lode 
carries  much  iron,  copper  and  arsenical  pyrites,  blende,  stibnite 
and  galena  also  occurring.  This  j^o^tion  of  the  vein  is  usually 
richer  than  the  upper  oxidised  part.  An  average  of  250  assays 
from  all  parts  of  the  various  mines  gave  about  15  dwt.  of  gold  per 
ton.  It  is  noticeable  that  such  parts  of  the  veins  as  contain 
massive  pyrites  in  quartz  are  usually  richer  in  gold  than   those  in 

^  The  following  information  has  kindly  been  communicated  by  Mr.  Henry  E. 
Ede,  A.Sc,  F.G..S.— H.  L. 
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which  the  quartz  and  pyrites  are  so  intimately  mixed  as  to  form  a 
niore  or  less  homogeneous  mass.  The  output  of  these  veins  is  at 
present  small,  being  between  25  and  60  kilogr.  per  annum. 

Soetbeer  estimates  the  production  of  gold  in  Chili  from  1545 
to  1875,  a  period  of  330  years,  at  £36,772,200.  In  1893,^  the 
export  was  $636,360  ^  (about  £100,800)  and  in  1894  it  was 
$1,211,600  (about  £191,850).  The  total  amount  exported  during 
the  51  years  from  1844  to  1894  is  given  as  $11,150,255  (about 
£1,765,500). 

Silver. — The  richest  silver  mines  are  found  in  the  Up]oer  Jurassic 
rocks  of  the  province  of  Atacama.  The  most  productive  districts 
are  Chanarcillo,  Tres  Puntas,  Florida  and  Caracoles.  The  lodes 
of  Chanarcillo  ^  occur  in  beds  of  a  bluish  limestone  of  Jurassic  age, 
interstratified  with  various  metamorphosed  rocks.  The  varying 
nature  of  the  country  rock  through  which  the  veins  descend  has  a 
very  decided  effect  on  their  contents.  They  run  along  the  side  of 
a  short  range  of  hills,  and  the  general  direction  of  their  strike 
is  north-east,  the  dip  being  north-west.  There  are,  however, 
lodes  which  dip  to  the  south-east,  but  although  many  of  these 
have  been  explored  to  a  considerable  depth,  they  have,  generally 
speaking,  been  found  to  give  unsatisfactory  results.  The  principal 
lodes  at  Chaiiarcillo  are  four  in  number,  namely,  the  Veta  Colorada, 
the  Veta  Cache,  the  Veta  Descubridora,  and  the  Veta  Candelaria. 
The  first  two  run  nearly  parallel  at  a  distance  from  one  another 
varying  from  actual  contact  to  fourteen  yards,  the  Veta  Cache  being 
the  more  irregular  vein  of  the  two.  These  lodes  have  a  strike  of 
20°  E.  of  N.,  and  the  Veta  Descubridora  has  a  similar  direction, 
whilst  the  Veta  Candelaria  courses  45°  E.  of  N.,  cutting  through 
the  other  three  lodes,  but  the  points  of  intersection  do  not,  as  a 
rule,  show  any  increase  of  richness.  These  veins,  which  have  been 
traced  for  a  distance  of  a  mile  and  a  half,  are  accompanied  by 
others  of  a  secondary  character,  and  these  by  still  smaller  ones, 
which  are  nevertheless  of  considerable  importance.  The  lodes  are 
much  affected  by  the  nature  of  the  enclosing  rock.  They  become 
narrower  in  unfavourable  rocks,  but,  in  those  of  a  contrary  nature, 
the   lodes   become   not   only  wider  and  richer,  but  the  walls  also 

^  E.ftadistica  Gomtrcial  de  la  RtpuUlca  de  Chile,  ano  dt  1894. 

'^  The  Chilian  /*e.so  is  worth  38  pence. 

^  For  particulars  relative  to  the  mines  of  Chaiiarcillo,  Rosario,  Paniilcillo,  and 
Carrizal  Alto,  I  ana  indebted  to  Mr.  M.  H.  Gray,  A.R.S.M.,  who  kindly  placed 
at  my  disposal  his  notes  on  the  metalliferous  deposits  of  Chili,  made  during 
his  visit  to  that  country. — J.  A.  P. 
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become  impregnated  with  ore  to  such  an  extent  as  to  allow  of 
their  being  profitably  worked  for  a  distance  of  sometimes  nine 
feet  from  the  lodes.  According  to  Mr.  Gray,  the  Chanarcillo 
lodes  traverse  various  beds  of  rock  occurrino-  in  the  following 
order  : — 

Class  of  Rock.  Thickness.  Contents  of  Lodes. 

1.  Stratified  calcareovis  rocks  .    .    660  feet      Iodide,  chloride,  and  native  silver. 

2.  Intrusive  rock 330     „     (Harrow    lodes,    oalc    spar.       No 

"      ^^     silver  ore. 

o    n    \      -t  T        i.  on  TArgentite,  iniby  silver  and  native 

3.  Larboniterous  limestone  ...      80     ,,     -;       %  '         -^ 

'        (^     silver. 

/'Dead  ground,   except  a   layer  of 

4.  Metamorphosed  and  siliceous)    ,...>  |      3.5  ft.  in  centre  of  strata,  making 

strata j  "      |      rich  in  silver  ore  in  the  Bocona 

l^     Mine  alone. 

-    r<  I  -J.         „\-4.       ■  i.     I-         ooA  TNative    silver,    antimonial   ores, 

-).  Calciterous  bituminous  strata  .    330     ,,     <  ■  ■,  i      i   i-i 

"      (^     arsenides,  and  sulphides. 

6.  Metamorphosed  rocks  ....    660     ,,        Dead  ground. 

7.  Calciferous  strata unknown.    Arsenides  and  sulphides  of  silver. 

From  the  surface  for  some  distance  downwards  the  lodes  are 
filled  with  a  soft  clayey  material,  containing  iron  ochre,  calc  spar, 
heavy  spar,  malachite,  and  native  silver,  together  with  chloride, 
iodide,  and  bromide  of  silver,  metales  calidos.  Occasionally  small 
fragments  of  undecomposed  sulphuretted  ores  are  met  with 
in  these  gossans.  At  a  depth  varying  from  thirty-five  to  eighty- 
five  fathoms,  the  metales  calidos  disappear,  and  in  their  place 
iiietales  frios,  consisting  of  silver  glance,  jjolybasite,  pyrargyrite, 
blende  and  galena,  make  their  appearance  ;  but  iron  pyrites  is 
of  somewhat  rare  occurrence. 

At  Caracoles,  on  the  frontier  of  Bolivia,  the  Upper  Jurassic 
limestones  and  marls  are  traversed  by  quartz-porphyries  and 
compact  greenstones,  the  lodes,  from  eighteen  inches  to  fourteen 
feet  in  width,  being  generally  productive  in  the  porphyry.  They 
usually  contain  native  silver,  with  the  chloride,  bromide  and 
iodide  of  that  metal,  whilst  the  gangues  vary  in  the  different 
lodes,  some  consisting  of  calcite,  gypsum,  heavy  spar,  hornstone, 
and  decomposed  porphyry,  others  of  quartz  and  heavy  sjjar,  whilst 
a  few  consist  of  heavy  spar  only. 

At  Arqueros,  in  the  province  of  Coquimbo,  heavy  spar  lodes, 
rich  in  silver,  occur  in  Jurassic  limestones  traversed  by  porphyries. 
The  ores  consist  of  native  amalgam,  native  silver,  antimonial 
silver,  silver  chloride,  stephanite,  speiss  cobalt,  fahlerz,  erubescite, 
and  copper  pyrites.  The  bulk  of  the  silver  exported  from  Chili 
is  as  smelted  metal,  a  much  smaller  amount  being  shipped  in  the 
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form  of  ore,  regulus  and  argentiferous  lead.  The  total  quantity  of 
fine  metal  was  164,871  kilogv.  in  1893  and  179,835  kilogr.  in 
1894^.  The  total  exportation  in  the  51  years  from  1844  to  1894 
has  been  about  8,684  tonnes  in  the  form  of  metal,  together  with  a 
small  amount  in  other  shapes. 

Copper. — Although  the  amount  of  silver  raised  in  Chili  is  very 
considerable,  copper  is,  nevertheless,  the  most  important  product  of 
the  country.  The  principal  copper  mines  are  situated  in  the 
provinces  of  Atacama,  Coquimbo  and  Aconcagua,  and  the  most 
important  are  those  of  San  Juan  and  Carrizal  near  Copiapo,  La 
Higuera  near  Coquimbo,  and  Tamaya,  about  sixty-five  miles  from 
Coquimbo,  situated  in  an  elevated  mountain  district. 

At  the  Rosario  copper  mine,  situated  2,680  feet  above  sea  level, 
there  are  two  main  lodes  running  parallel  to  one  another,  and 
only  a  short  distance  apart.  The  more  regular  of  the  two  is  the 
Veta  Negra,  which  lies  on  the  foot  wall  side,  striking  10°  W.  of  N. 
and  dipping  S.  of  W.  The  Veta  Verde  is  on  the  hanging  wall 
side  and,  although  irregular,  considerably  resembles  the  Veta 
Negra  both  in  strike  and  dip.  There  is  also  a  lesser  vein  joining 
the  other  two,  their  junction  being  very  rich;  both  veins  are 
intersected  by  cross-courses.  The  breadth  of  the  lodes  varies  from 
one  up  to  fourteen  fathoms,  the  latter  width  being  only  attained 
where  the  three  veins  come  tosjether.  The  Veta  Verde,  undulatino; 
upon  the  Veta  Negra,  has  produced  many  rich  bunches  at  the 
points  of  junction.  The  gangue  is  almost  entirely  felspathic  with 
a  little  hornblende  and  calc  spar,  whilst  the  walls  are  of  diorite  in 
which  epidote  and  magnetite  are  accessory  constituents.- 

There  are  carbonates  and  silicates  of  copper  near  the  surface, 
especially  on  the  Veta  Verde,  but  these  do  not  extend  to  any 
considerable  depth.  Then  follows  purple  ore,  but  the  principal  part 
of  the  mine  is  worked  on  yellow  copper  pyrites,  the  lowest  work- 
ings being  at  a  depth  of  over  300  fathoms.  The  Panulcillo  copper 
mine  is  forty-five  miles  from  Coquimbo,  the  ore  being  obtained 
from  a  contact  deposit  and  not  from  a  true  vein.  The  ore- 
bearing  ground  is  divided  into  two  parts  by  a  cross-course,  and  the 
two  divisions  are  worked  separately,  being  respectively  known  as 
the  North  and  South  Mines.  These  ore  masses  strike  5°  W.  of 
N.  In  the  North  Mine  the  deposit  goes  down  perpendicularly, 
but  in    the  South  Mine  it  dips  63°  E.,  the  cross-course  striking 

^  Entadistica  Comercial  de  Ja  Repiildira  de  Chile,  aiio  de  1894,  p.  71. 
-  J.  Lipken,  Berg,  und  HiUtenm.  Zeit.  1877,  p.  129. 
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45°  E.  of  X.  The  North  ^Mine  deposit  has  a  length  of  900  feet 
along  the  strike,  and  the  widest  part  yet  opened  measures  seventy 
feet,  the  narrowest  stope  being  about  forty  feet  across.  The 
east  side  is  composed  of  stuff  too  poor  to  work.  The  western 
wall  is  of  porphyry  and  has  a  good  selvage,  whilst  the  eastern  is 
composed  of  mica  schist  and  is  rather  indefinite.  The  ore  is  copper 
pyrites,  with  a  gaugue  of  crystalline  tourmaline.  The  deposit  at 
the  South  Mine  is  600  feet  lon^,  and  fifty  feet  across  in  its  widest 
23art.  The  eastern  wall  of  this  lode  is  of  mica  schist,  and  the 
western  wall  of  crystalline  limestone  containing  crystals  of  mica. 
The  ore  and  gangue  are  of  the  same  character  as  those  in  the 
North  Mine. 

Carrizal  Alto  was  once  a  very  important  copi^er-mining  district 
but  is  now  decidedly  on  the  decline,  the  copper  at  present  pro- 
duced coming  from  ground  already  worked  over.  The  lodes  of 
this  district,  which  run  more  or  less  parallel  to  one  another  with  a 
north-north-east  direction,  are  frequently  crossed  by  igneous 
dykes,  and  are  usually  enriched  where  so  intersected.  As  a  general 
rule,  from  the  outcrop  to  a  depth  of  twenty-five  fathoms  the 
ores  are  carbonates  ;  for  the  next  ten  fathoms  friable  melaconite 
is  met  with ;  whilst  below  this  comes  yellow  copper  pyrites  with 
iron  pyrites  to  a  depth  of  240  fathoms.  After  this  so  far  as  has 
hitherto  been  explored,  dead  ground  prevails.  Many  other  im- 
portant copper  mines  are  worked  at  various  places  in  the 
Northern  Provinces. 

The  copper  exported  from  Chili  during  the  year  1881  amounted 
to  38,030  tons  and  in  1882  to  42,960  tons.  These  figures  repre- 
sent fine  copper,  and  therefore  include  the  metal  contained  in 
both  ore  and  regulus.  Of  the  total  amount*  of  copper  exported 
from  Chili  during  1882,  84  per  cent,  was  in  the  metallic  state,  14 
per  cent,  as  regulus,  and  about  2  per  cent,  in  the  form  of  ore.  In 
1893^  the  total  amount  of  fine  metal  exported  was  23,033  tonnes,  and 
in  1894  it  was  23,197  tonnes  ;  of  the  latter  total,  84  per  cent,  was  as 
metal,  12  per  cent,  as  ore,  and  4  per  cent,  as  matte.  The  total 
exportation  since  1844  is  over  a  million  tons  as  bar  cojjper,  and 
about  one-third  more  in  the  form  of  ore  and  matte. 

In  Chili  the  most  common  ore  of  cobalt  is  arsenical  cobalt, 
and  the  most  important  lode  is  the  Veta  Blanca  of  San  Juan  ; 
glance  cobalt,  and  erythrite  are  also  worked  at  Tambillos  and  at 
Huasco, 

^  Eitadistica  Comercial  de  la  EepuhUca  dt  Chile,  am  de  1894,  p.  69. 
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Manganese. — Manganese  ^  is  being  extensively  mined  in  two 
districts  lying  inland  from  Coquimbo  and  Carrizal  respectively. 
The  ore  occurs  in  beds  interstratified  with  sandstones,  clays,  shales, 
calcareous  rock  and  gypsum,  of  Cretaceo-Oolitic  age. 

The  beds  of  ore  are  never  very  uniform  for  any  great  distance, 
split  up,  thin  out,  and  come  in  again  irregularly,  are  much  faulted, 
and  associated  Avith  eruptive  masses  and  overflows  of  igneous 
rocks.  A  section  through  the  Cocinera  Mine,  Fig,  128,  illustrates 
one  form  in  which  the  deposit  occurs.  The  ore  consists  of  per- 
oxide and  protoxide  and  some  silicate  of  manganese,  together 
with  silica,  lime,  baryta,  &c. ;  metallic  manganese  averages  about 
50  per  cent.,  and  the  phosphorus  contents  are  very  low.  The 
Chilian  Manganese  Mining  Company,  Limited,  controls  the 
principal  mines  ;  its  production  is  derived  about  equally  from  the 


Volcanic  Roch,  ^>V/I  Eruptive  Rocii.     *^  Manganese  Ore. 

Fig.  1-S. — Section  throu'rh  the  Cocinera  Manganese  Mine. 


Southern  or  Coquimbo,  and  the  Northern  or  Carrizal  group,  and 
amounts  to  about  20,000  tons  per  annum. 

The  total  yearly  production  of  Chili  may  be  estimated  at  above 
30,000  tons  of  manganese  ore.  In  1894  the  exports  ^  of  manganese 
ore  are  given  as  47,994  tonnes,  as  against  30,741  tonnes  in  1893. 
The  total  exports  since  the  beginning  of  1884  amount  to  351,792 
tonnes. 

The  following  table  ^  of  the  mineral  production  of  Chili  for  the 
first  half-year  of  1895  will  give  an  idea  of  the  importance  of  this 
country  as  a  mineral  producer : — 

^  From  information  kindly  supplied  by  Mr.  Henrj'  E.  Ede. 
^  Estadistica  Comerxial  de  la  Repuhlica  de  Chile,  atio  de  1894,  p.  443. 
'  Boletin  de  la  Sociedad  Nacional  de  Mineria,  Santiago  de  Chile,  Nov.  1895, 
p.  210. 


PART  II 


CHILI 


879 


Table  showing 


THE     PrODUCTIOX     OF      MeT.\LS      AXD      METALLIC     MINERALS     IX 

Chili  for  the  First  Six  Moxths  of  1895. 


Substance.                                  Weight.                                         Values. 

Gold 644-5  kilo<n-. 

si 

515,608 

81,638         ' 
244.029 
363,1.33 

26,953 

6,881 

754 

32,009 
1,657 

61 

483 
17,840 
35,793 
20,684 
2,718        ; 
20,390 
12,101 

Silver 61,672 

Copper .           10,425  tonnes 

Copper  matte 1,702-      ,, 

Silver  and  Copper  matte".             217       ,, 
Silver,  Gold  and  Copper)              .,, 

matte j 

Copper  ores 5,054       ,, 

Silver  and  Copper  ores     .               70       ,, 
Silver,  Gold  and  Copper")                ., 

ores 1                ^       " 

Iron  ores 305       ,, 

Manganese  ores 11,267       ,, 

Gold  ores 904       ,, 

Silver-gold  ores      ....               69       ,, 

Silver-lead  ores 510       „ 

1,541,236 

2,293,597 

170,230 

43,461 

4,762 

202,160 
10,462 

384 

3,048 
112,672 
226,062 
130,637 

17,166 
128,781 

76,434 

Total  values          .        

5,476,700 

867,144 

These  figures  may  be  compared  with  the  following,  giving  the 
exports  of  metallic  minerals  from  Chili  for  the  entire  year  of 
1895.-  It  must  not  be  forgotten  that  the  main  mineral  product 
of  Chili  is  not  metallic,  being  nitrate  of  soda,  of  which  there 
were  exported  in  the  year  in  question  1,220,000  tons,  worth  about 
£7,437,000. 

Table  showing  the  Exports  of  Metallic  Minerals  from  Chili  dxtring  1895. 


Substance. 


Weight. 


Values. 


Gold 1,184-5  kilogr. 

Bar  silver  148,747         ,, 

Ingot  copper 20,042  tonnes 

Copper  and  silver  mattes  649 

Silver  ores 2,137 

Sulphuretted  silver  ores  .  99 

Copper  ores 6,963 

Manganese  ores      ....  24,075 


947,794 

3,867,412 

4,602,114 

131,364 

1,051,034 

123,155 

278,515 

241,383 


150,067 

612,340 

728,668 

20,799 

166,414 

19,500 

44,098 

38,219 


Total  value  of  exports 11,242,771 


1,780,105 


1  Values  in  Chilian  pesos  worth  38r/. 

^  Bolethi  de  la  Sociedad  de   Fomento  Fahril,   Santiago  de  Chile,   xiii.   1896. 
No.  3,  p.  74. 
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BOLIVIA. 

The  great  extent  and  variety  of  the  mineral  productions  of 
Bolivia  have  given  it  an  importance  which  it  could  not  otherwise 
have  possessed.  Gold  is  found  in  considerable  quantities  in  the 
mountainous  parts  of  the  country,  and  occurs  in  lodes  in  association 
with  silver  and  other  ores.  The  greater  portion  of  this  metal 
is,  however,  obtained  from  washings  in  the  beds  of  rivers.  Several 
districts  in  Potosi,  Chuquisaca,  Santa  Cruz  and  Tarija  are  auriferous. 
The  production  of  gold  in  Bolivia  in  the  year  1881  was,  according 
to  Burchard,  about  3,500  oz.  In  1898,  according  to  the  United 
States  Mint  report,  it  was  £13,400. 

Silver. — Silver  is,  however,  the  staple  metallic  production  of 
Bolivia,  the  mines  of  Potosi  ^  being  well  known  for  their  almost 
fabulous  riches.  They  were  discovered  in  1545,  and  their  annual 
production  was  estimated  by  Chevalier  in  1845  at  from  48,000  to 
60,000  lbs.  troy.  The  celebrated  mountfl.in  of  Potosi  rises  2,697  feet 
above  the  great  square  of  the  city  of  tfiat  name,  which  is  situated 
at  its  base.  It  has  a  somewhat  conical  form,  and  consists,  from  the 
summit  to  a  depth  of  about  200  fathoms,  of  quartz-porphyry. 
From  this  point  clay  slate  forms  a  mantle  round  the  porphyry.  The 
labour  of  the  miners  has  been  confined  to  the  upper  portion,  where 
about  sixty  lodes,  coursing  N.E.  and  dipping  from  65'  to  70° 
S.E.,  together  with  various  workable  strings  of  ore,  traverse 
the  porphyry.  The  lodes  continue  down  into  the  deeper  parts  of 
the  mountain,  sometimes  passing  out  of  the  porphyry  into  clay 
slate,  in  which,  however,  they  become  less  productive.  The 
minerals  contained  in  the  lodes  are  quartz,  iron  pyrites, 
pyrargyrite,  fahlerz,  cassiterite  and  silver  chloride,  together  with 
native  silver. 

The  silver  mines  in  the  province  of  Chicas  have  acquired 
considerable  celebrity  on  account  of  the  richness  and  quantity 
of  their  ores.  The  once  famous  mines  in  La  Paz  are  now  aban- 
doned, whilst  those  of  Arqae,  Lipez,  and  of  the  department  of 
Oruro,  are  not  regularly  worked.  In  the  last-named  district  a 
porphyry  dyke  has  burst  through  the  clay  slate,  and  is  traversed  by 
numerous  lodes  coursing  N.E.  and  dipping  from  45°  to  85°  N.W., 
with  a  thickness  varying  from  three  inches  to  several  yards.  The 
vein  stuff  consists  principally  of  porphyry  impregnated  with  iron 

1  H.  Reck,  Berij  luid  Hatteum.  Zdt.  1858,  p.  275  ;  ibid.  1866,  p.  389. 
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pyrites.  Pyrargyrite,  stephanite,  plumosite,  antimonial  glance, 
argentiferous  fahlerz  and  cassiterite  occur  in  strings.  Near  the 
surface  '^acos  ores  are  found,  whilst  lower  down  nmdatos  and 
negrillos  make  their  appearance.^  In  1870  silver  deposits  were 
discovered  at  Caracoles,  in  the  desert  of  Atacama.  Burchard 
states  that  in  1881  the  silver,  production  of  Bolivia  amounted 
in  value  to  811,000,000.  In  1893  it  was  815,488,000,  according  to 
the  United  States  Mint  report.  In  1894-  there  were  exported  from 
Antofagasta  in  ChiU,  311,682  kilogr.  of  silver  in  bars,  about  10,500 
tonnes  of  various  kinds  of  silver  ore,  and  29  tonnes  of  pig  lead,  all 
of  which  were  produced  in  Bolivia. 

Copper. — Copper  takes  the  next  rank  among  the  valuable 
metals  of  Bolivia,  and  occurs  in  the  departments  of  La  Paz,  Potosi, 
Chuquisaca,  Oruro  and  Beni.  At  Algodon  Bay,  in  the  vicinity  of 
the  desert  of  Atacama,  lodes  from  three  to  six  feet  in  thickness 
occur  in  diorite  and  syenite,  and  contain  copper  glance  together 
with  copper  pyrites.  They  also  contain  atacamite,  but  azurite  and 
malachite  are  never  met  with ;  the  Atacamita  Lode  is  especially 
rich  in  atacamite,  which  occurs  mixed  with  red  copper  ore. 

The  value  of  the  copper  exports  from  Bolivia  to  the  United 
Kingdom  during  the  year  1882  was  as  follows : — 

Ore £46,794 

Regulus 80,391 


£127,185 


Its  production  in  1894  is  given  as  2,300  ^  statute  tons  of  metal. 

Tin. — Tin  has  been  produced  in  considerable  quantity  in 
Bolivia  in  recent  years.  It  occurs  throughout  a  vast  district  ex- 
tending from  Huancane,^  in  Peru,  to  Chocaya,  in  Bolivia,  from  15° 
to  21°  south.  The  ore  is  cryptocrystalline  cassiterite,  accompanied 
by  tin  pyrites,  silver  ores,  fahlore,  iron  pyrites,  blende,  galena,  &c., 
the  vein-stuff  consisting  of  qnartz,  barytes  and  Tarious  carbonates. 
The  paragenesis  is  thus  utterly  different  from  that  of  all  other 
known  occurrences  of  tin-stone,  such  minerals  as  tourmaline,  topaz, 
fiuor  spar  and  apatite  being  conspicuously  absent.  The  tin  ore  is 
so   intimately  associated   with  the  above-named  minerals  that  it 

1  H.  Reck,  Berg,  unci  Hiittenm.  Zeit.  1868,  p.  77. 

-  Estadistka  Comerciaf  de  fa  Repuhlira  de  Chile,  ano  de  1894,  p.  xxvii. 

3  The  Mineral  Industry,  iii.  1894,  p.  163. 

-•  A.  W.  Stelzner,  Zf-if>":hrift.  f.  Pralt.  Geologie,  1893,  p.  81. 

3   L 


882  ORE    DEPOSITS  part  ii 

seems  necessary  to  believe  that  their  formation  must  have  been 
simultaneous ;  so  close  is  the  mixture  that  many  of  the  ores  have 
first  to  be  amalgamated  to  extract  the  silver  and  then  the  residue 
smelted  for  tin.  It  is  noteworthy  that  the  upper  portion  of  the 
vein  is  the  richest  in  cassiterite,  this  mineral  being  gradually 
replaced  by  argentiferous  sulphides  with  increasing  depth,  so  that 
these  veins  may  be  spoken  of  as  carrying  a  stanniferous  gossan. 
In  the  Cerro  de  Potosi  certain  veins  were  very  rich  in  tin  at  their 
outcrops,  whilst  at  depths  of  180  metres  below  the  surface  the  ores 
were  argentiferous  copper  and  iron  sulphides  with  only  0*7  to  I'o 
per  cent,  of  tin.  The  rare  mineral  franckite,  a  fahlore  containing 
tin  and  germanium,  is  found  in  these  veins. 

The  occurrence  of  these  veins  is  closely  associated  with  certain 
eruptive  rocks,  chiefly  trachyte  and  andesite. 

The  output  of  tin  is  important ;  the  exports  ^  to  England  were 
2,909  tons  in  1893,  and  3,482  in  1894. 

The  export  of  tin  through  Antofogasta  ~  in  1894  was  : 

Tonnes. 
Tin  ore  (concentrates)  .  .  .  3  553 
Bar  tin 1,875 

These  concentrates,-^  known  as  harilla,  are  said  to  average  80 
per  cent,  metal  (?),  which,  if  correct,  would  make  the  total  pro- 
duction equal  to  4,717  tonnes  of  metal.  The  Potosi  mines  are  said 
to  have  shipped  1,965  short  tons  nearly  all  bar  tin,  and  the 
Quechisla  mines  124  short  tons  of  bar  tin  and  530  short  tons  of 
concentrates  in  that  year. 

Other  Metals. — Cinnabar  and  ores  of  lead  occur  in  some 
places,  but  are  very  little  worked  at  present.  Bismuth  is  produced 
in  considerable  quantity ;  the  Quechisla  ^  mines  are  said  to  have 
produced  401,562  lbs.  in  1894.  The  export  through  Antofagasta^ 
is  returned  at  196  434  kilogr.  (433,063  lbs.). 

No  statistics  of  production  are  available,  but  the  following  figures 
show  the  export  during  the  year  1894  of  minerals  produced  in 
Bolivia,  from  the  Chilian  port  of  Antofagasta,  through  Avhich  the 

1  First  Annual  General  Report  vpon  the  Mineral  Industry  of  the  United 
Kingdom  for  1894,  p.  53. 

"  Estadistica  Gomerrial  de  la  Repuhlica  de  Chile,  a/To  de  1894,  p.  xxWi. 

3  The  Mineral  Industry,  iii.  1894,  p.  528. 

'  Ibid. 

°  Estadistica  Gomerrial  de  la  RejmUica  de  Chile,  ano  de  1894,  p.  xxvii. 
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great  majority  if  not  the  whole  of  the  produce  of  Bolivia  finds 
its  way  to  the  various  markets  of  the  world  : — ^ 

Table  of  Bolivian-  Exports  of  Metallic  Minerals  during  1894. 


Substance.                                 Weight.                                           Values. 

Bar  silver 

Silver  residues 

Sulphnretteil  silver  ores  . 
Argentiferous  pig  lead 

Silver  ores 

Silver-lead  ores  .    . 

Antimony  ores 

Tin  concentrates  (barilla) 

Bar  tin 

Bismuth       

311,692.    kilo^r.      12,466,510 

691         „  ■"                     345 

3-7    tonnes                  7,402 

29-2       ,,                       2,920 

10,411       ,,               3,123,389 

92       ,,                     18,410 

3,075       ,,                  307,535 

3,553       ,,               1,421,069 

1,875       ,,               1,124,790 

196       „                  392,868 

1,973,864 

55 

1,172 

462 

494,536 

2,914 

48,694 

225,002 

178,091 

62,206 

Total  value  of  exports 

18,865,238 

2,986,996 

PERU. 

Peru  has  long  been  famous  for  its  wealth  of  silver  and  gold. 
Soetbeer  estimates  the  amount  of  gold  produced  during  the  years 
1851  to  1875  at  20,570  lbs.,  worth  £1,304,325.  The  total  export 
of  gold  from  Peruvian  ports  during  the  year  1877  amounted  to 
35,633  oz. 

Silver. — Silver  is,  however,  more  widely  distributed  over,  the 
country  than  is  gold.  The  silver  mines  of  Huantajaya,  Pasco  and 
Chota  are  remarkably  rich,  and  great  improvements  in  the  system 
of  mining  were  introduced  into  this  district  by  the  celebrated 
Richard  Trevithick. 

The  mines  of  Cerro  de  Pasco  are  perhaps  the  most  remarkable, 
and  may  be  taken  as  a  type  of  the  others.  Among  the  principal  ores 
are  the  so-called  2^acos,  the  colorados  of  the  Mexican  miners,  which 
are  ferruginous  earths  mixed  with  silver  ores  resulting  from  the 
decomposition  of  argentiferous  sulphides.  De  Rivero  ^  considers  the 
Santa  Rosa  deposit  not  to  be  a  true  vein,  since  it  is  parallel  with 
the  formation.  The  hanging  and  foot  walls  are  of  a  different 
character,  and    the  gangue   has    no   crystalline  comby   structure. 

1  Boletiii  de  la  Sociedad  de  Fomeiifo  Fahril,  Santiago  de  Chile,  xiil.  1896. 
No.  3,  p.  74. 

-  The  values  ai'e  in  Chilian  pesos,  worth  38'i. 
'  Ann.  des  Mines,  ii.  1832,  p.  169. 

3  L  2 
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According  to  A.  D.  Hodges  ^  the  silver-bearing  rock  consists  of 
slates,  sandstones,  and  limestones,  tilted  up  at  a  steep  angle  by 
the  eruption  of  a  huge  mass  of  andesite  ;  these  stratified  rocks 
have  been  metamorphosed  by  the  action  of  the  mineralising 
solution,  and  aj^pear  to  have  had  masses  of  pyrites  associated  with 
argentiferous  minerals  deposited  in  them,  or  to  be  impregnated  by 
the  same  ;  in  the  upper  parts  of  the  deposit  there  are  a  number  of 
secondary  minerals  that  may  be  the  result  of  the  action  of  meteoric 
waters  upon  the  pyritic  minerals,  and  which  contain  a  large  pro- 
portion of  native  silver.  The  foot  wall  of  the  deposit  consists  of 
the  above-mentioned  andesite,  the  hanging  wall  of  a  bed  of  uncon- 
formable limestone.  At  the  present  day  very  little  mining  is 
done  here,  the  operations  being  chiefly  confined  to  the  re-working 
of  old  slags,  residues,  cUhris,  &c.  From  these  sources  about  84,000 
kilogr.  of  silver  are  obtained  yearly.-  The  mines  of  Pasco  were 
discovered  by  accident  in  1630,  and  are  still  comparatively  im- 
portant. Their  production  was,  in  1870  to  1875,  1,21<1,888  marks; 
in  1876,  169,849  marks,  and  in  1877,  178,469  marks,  the  mark 
being  230046  grammes.  The  annual  production  of  silver  in 
Peru  v/as  estimated  about  1880  at  some  845,000  marks.^  The 
United  States  Mint  Report  estimates  the  output  in  1893  at 
$2,402,700,  and  the  gold  production  at  $73,000.  In  1888  ^  the 
total  silver  production  of  Peru  was  estimated  at  120,000  kilogr. 
The  silver  ores  of  the  north,  and  more  particularly  those  of  Scalpi, 
generally  contain  gold.  These  ores  are  for  the  most  part  sent  for 
treatment  to  Swansea,  and  a  small  portion  to  Freiberg  and 
Clausthal. 

Other  Metals. — Ores  of  mercury  are  widely  distributed,  and 
are  said  to  have  been  known  to  the  inhabitants  before  the  invasion 
of  the  country  by  Europeans.  The  deposits  of  Huancavelica  were 
the  most  important,  and  have  been  worked  since  1566,  but  are  now 
abandoned ;  the  cinnabar  is  found  in  Carboniferous  sandstones  and 
clay  slates,  and  is  very  similar  in  its  mode  of  occurrence  to  that  of 
^Mmaden,  Crosnier,^  who  went  out  for  the  Peruvian  Government 
in  1851,  reports  that  these  quicksilver  deposits  have  nothing  in 
common  with  true  veins,  but  everything  appears  to  indicate  that 

^  "Topography  and  Geologj' of  the  Cerro  de  Pasco,  Peru,"  Trans.  Amer.  Inst. 
Min.  Eng.  xvi.  1888,  p.  729. 

■■^  Alejandro  de  Ydiaquez,  Le  Pero^L  en  1889,  p.  139. 

*  Beport  of  the  Director  of  the  Mint  upon  the  Production  of  Precious  Metals  in 
the  U.S.  1882,  p.  535. 

*  Alejandro  de  Ydiaqiiez,  Le  Perou  en  1889,  p.  139. 

*  Ann.  des  Mines,  ii.  1852,  p.  1. 


PART  II  GUIANA  885 

the  ore  was  introduced  in  a  state  of  vapour  at  the  time  the  strata 
Avere  elevated  to  their  jareseut  ahiiost  vertical  position. 

Copper  is  of  frequent  occurrence  in  Peru,  but  lead  and  iron  ores, 
although  plentiful,  are  not  worked.  The  province  of  Ica,^  one  of 
the  main  sources  of  the  Peruvian  cojjper  output,  produced  1,837 
tonnes  of  copper  in  1884,  but  the  i^roduction  appears  to  have 
diminished  since  then.     No  statistics  seem  to  be  obtainable. 

GUIANA,  &c. 

The  vast  territory  of  Guiana  has  been  divided  into  Brazilian 
Guiana,  Venezuelan  Guiana,  and  Colonial  Guiana.  The  first  two 
divisions,  comprising  five-sixths  of  the  entire  region,  are  now  in- 
cluded in  Brazil  and  Venezuela  respectively,  whilst  the  last  division  is 
composed  of  the  territories  of  British,  Dutch,  and  French  Guiana. 
Over  the  whole  of  this  large  country  gold  is  found  both  in  placers 
and  in  situ,  and  there  can  be  no  doubt  that  a  great  South  American 
gold-field  is  capable  of  being  developed  which  might  play  an  im- 
portant part  in  the  world's  gold  supply,  although  its  growth  is 
retarded  by  the  various  political  complications  and  the  known 
unhealthiness  of  the  region. 

Venezuelan  Guiana.- — The  most  important  mine  of  Venezu- 
elan Guiana  is  El  Callao,  which  could  claim  to  be  ranked  among  the 
richest  gold  mines  of  the  world.  The  workings  were  about  sixty 
fathoms  in  depth,  the  lode  varying  from  four  to  seven  feet  in  width, 
with  an  underlie  of  52°.  Generally  the  quartz  is  white,  but  occa- 
sionally it  is  tinged  greenish  by  a  chloritic  mineral ;  it  contains 
much  free  gold  with  but  a  small  amount  of  sulphides.  According  to 
Dr.  Foster,  the  Callao  Lode  courses  north  and  south  and  dips  west, 
the  country  rook  being  felstone  with  a  little  iron  pyrites.  The  miners 
consider  the  presence  of  iron  pyrites  a  favourable  sign  with  regard 
to  the  productiveness  of  the  lode.  The  lode  had,  in  1869,  been 
worked  for  a  distance  of  100  fathoms  along  the  strike,  and  is  said 
to  die  out  southwards.  From  1871  to  1879,  a  total  quantity  of 
G7,3G2  tons  of  quartz  was  crushed,  from  which  252,973  oz.  of  gold 
>vere  extracted.  In  1880  the  Callao  Company's  mines  crushed 
18.G24  tons  of  quartz,  giving  54,013  oz.  of  melted  gold,  worth 
£205,969.     After    a   brilliant    career,    this    important   mine    was 

-  Alejandro  de  Ydiaqiiez,  Le  Ptron  en  1889,  p.  139. 

-  C.  Le  Neve  Fo.ster,  "  On  the  Caratal  Gold-field,"  Quart.  Jour.  Geol.  Soc. 
XXV.  1869,  p.  2.36  ;  "  Concession  relating  to  the  State  of  Guiana,  South  America, 
and  Reports  on  its  Produce,  Gold-fields,  &c.,"  London,  1882. 
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no  longer  able  to  pay  expenses  in  1895,  and  was  then  on  the  point 
of  finally  closing  down.  A  total  quantity  of  719,257  tons  of 
quartz  had  been  extracted  from  it,  which  yielded  1,438,638  oz.  of 
gold,  or  at  the  rate  of  2  oz.  to  the  ton;  of  the  amount  thus 
realised,  over  one-third  was  returned  in  dividends  to  the 
shareholders.  The  production  of  this  company  was  as  follows  in 
1895  h— 

Mine.  Tons  crushed.  Gold  produced. 

Oz. 

El  Callao,  Remington   ....  10,937 5,3(:i0-19 

Colombia 36,519 lo,33o-93 

Nueva,  Panama 9,829 3,864-95 

57,285  24,501-07 

The  Chile  Lode  is  probably,  after  Callao,  the  most  important  in 

the    Caratal    district.       The    main    lode    courses    E.  10  N.,    dips 

45"  to  60°  S.,  and  varies  from  two  to  six  feet  in  width.     It  consists 

mainly  of  quartz  with  brown  oxide  of  iron,  chlorite,  talc,  a  white 

earthy  mineral  like  kaolin,  and  visible  gold.     The  country  rock  is 

composed  of  talcose  clay  slate,  and  a  ferruginous  hornstone  also 

frequently   occurs.     The  latter  rock,   called   "  porphyry  "   by  the 

miners,  is  regarded  as  a  favourable  indication  for  gold.     The  Chile 

Company's  mines  in  1880   crushed   6,762   tons  of  quartz,  giving 

14,525   oz.   of  melted   gold  with  a  fineness   of  912.     The  Potosi 

mines  produced,  in  1880,  23,280  oz.  of  gold,  worth  £90,210. 

Gold  mining,  which  is  the  chief  and  almost  the  only  industr}^ 

of  the   Caratal  district  in  Yuruari,  dates  from  1866,  since  which 

time  to  December,  1879,  a  total  of  770,026  oz.  had  been  shipped 

at  the  port  of  Ciudad  Bolivar,  the  amount  shij)ped  in  1879  being 

107,722  oz.      Practically   all    the    important    mines    are    in    the 

Yuruari  territory,  the   production  of  which  was  as  follows  in  the 

year  1888:— 2 

Kilogv. 

El  Callao 1,644 

Chile 70 

La  Union        196 

El  Callao  Bis 2] 

El  Choco 3 

Venezuela  Austin  Co.  Limited        .  154 

Various  other  Companies      ...  186 

Surface  gold,  &c 70 

Total  for  1888 2,344 

^  Beport  of  the  Directors,  April,  1896. 

-  Statistical  Annuary  of  the  United  States  of  Venezuela  for  1889. 
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From  1866  up  to  1886  the  gold  exported  from  the  territory  of 
Yuruari  was  55,862  kilogr.  The  greater  part  of  the  mines  started 
in  this  field  seem  not  to  have  proved  valuable  in  depth,  and 
there  is  but  little  mining  being  done  in  1896.  The  gold  output 
has  accordingly  diminished  considerably  and  is  now  relatively  small. 
The  gold  output  of  Venezuela  is  given  as  39,000  oz.  in  1894.^ 

There  are  important  mines  oi"  copper  at  Aroa  in  the  State  of 
Lara,  worked  by  the  Quebrada  Copper  Company,  the  ores  seni  to 
this  country  being  chiefly  gossans  of  brown  haematite  carrying 
carbonates  and  other  oxidised  ores  of  copper.  In  the  years  1886- 
1888  the  output  was  72,610  tonnes  of  ore.  The  total  production 
in  1894  -  is  estimated  at  2,500  tons  of  metal. 

Dutch  Guiana. — Gold  digging  commenced  here  in  1875,  and 
the  develojDiiient  of  this  branch  of  indastr}'  has  since  greatly 
increased.  The  production  in  1879  was  679,914  florins.  It 
is  practically  all  obtained  from  shallow  placers,  the  production  for 
1894  being  given  as  872  kilogr.,  ^  worth  .8579,600. 

French  Guiana. — Indian  tradition  Ions:  aoo  affirmed  the 
presence  of  gold  in  French  Guiana,  and  both  Humboldt  and  Buffon 
were  of  opinion  that  the  geological  character  of  the  country  rendered 
its  presence  probable.  The  diggings  of  Pastroptot,  in  the  district 
of  Mana,  produced  300  lbs.  of  gold  during  the  first  six  months  of 
1879.  The  auriferous  bed  is  composed  of  quartz  fragments  resting 
on  clay,  with  a  covering  of  fine  sand.  There  is  no  doubt  that 
rich  quartz  veins,  as  well  as  placers  of  apparently  abnormal  rich- 
ness, exist  in  the  district  of  La  Mana,  but  the  nature  of  the 
country  offers  serious,  if  not  perhaps  insuperable,  obstacles  to 
systematic  mining.  A  French  Company  attempted  to  work  a 
concession  in  this  district,  but  after  struggling  on  for  a  good  many 
years  was  compelled  to  suspend  operations.  Statistics  of  total 
production  are  not  available,  but  in  1894  the  quantity  of  4,836 
kilogr.,*  valued  at  £540,000  was  declared  for  export  at  the 
customs  ;  how  much  more  was  produced  cannot  be  said. 

British  Guiana. — This  colony  is  known  to  be  very  rich  in 
gold  ;  rich  gold  quartz  has  been  found  in  many  places,  notably  on 
the  Essequebo,^  Cuyuni  and  Barima  rivers.  Quartz  veins  occur 
mostly  in  metamorphic  schists   and   gneiss,   and   nearly    all   the 

1  Tht  mntral  Industry,  iii.  1894,  p.  286. 

-  Ibid.  p.  163. 

'•  Ibid.  p.  285. 

*  Statis/ique  de  rindustrie  mituralt  en  France,  1894,  p.  59. 

■'  H.  .J.  Perkins,  Xotes  on  British  Ouiana  and  its  Gold  Industri/,  1895,  p.  4. 
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streams  and  rivers  that  traverse  regions  occupied  by  the  above 
rocks  or  by  granite,  are  gold-bearing;  ores  of  silver,  lead  and 
copper  have  been  found,  but  gold  is  the  only  metal  worked, 
and  almost  exclusively  from  shallow  placer  deiDOsits,  reef  mining 
having  been  neglected  up  to  the  present.  The  production  of  the 
chief  alluvial  districts  in  1895  was  as  follows  : — 


Cuyuni 
Barima 
Essequebo 
Potaro    . 


28,753  ounces. 
27,953       „ 
27,206       „ 
25,614       „ 


The  following  table,  taken  from  official  sources,  shows  the  total 
gold  production  since  the  year  1884  : — 

Gold  Productiox  of  British  Guiana  from  the  Year  1884  to  1895 

inclusive. 


Year. 

i 
Production. 

Year. 

Production. 

Oz. 

Oz. 

1884 

250 

1890 

66,864 

1885 

939 

1891 

110,556 

1886 

(i,.")]S 

1892 

138,276 

1887 

1U.9S7 

1893 

137,817 

1888 

20,216 

1894 

128,756 

1889 

32,333 

1895 

122,933 

Total  for  12 

^'ears       .... 

776,445 

United  States  of  Colombia. — The  United  States  of  Colombia 
have  been  long  known  as  a  gold-producing  country,  gold  mining- 
having  been  commenced  by  the  Spaniards  in  1537.  Soetbeer 
estimates  its  total  production  up  to  the  end  of  1848  as 
$682,000,000.  The  annual  production  is  now  about  $4,000,000, 
having  been  £850,000  in  1891.  The  gold  of  Giron  is  of  exceptional 
purity,  as  its  fineness  often  reaches  twenty-three  and  a  half  carats. 
The  production  of  silver  in  1880  amounted  to  81,000,000.  The 
Department  of  Antioquia  ^  is  the  most  productive  of  the  State, 
some  large  gold  mines  being  at  work  there,  and  hydraulic  mining 
being  carried  on  on  a  large  scale  ;  its  production  in  1890  was 
estimated  at  $2,800,000.  The  Department  of  the  Cauca,  and 
especially  the  valley  of  the   Choco,  is  very  rich  in  gold,  but  the 

1  "  The  Mineral  Wealth  of  Colombia,"  Tht  Mininj  Journal,  Aug.  18,  1894, 
p.  901. 
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deadly  nature  of  the  climate  and  the  difficulty  of  access  have 
retarded  the  development  of  this  region.  Its  2:)roduction  is  given 
as  almost  equal  to  that  of  Antioquia.  The  Department  of  Tolima 
also  produces  much  gold,  chiefly  from  the  alluvial  deposits  of  the 
valley  of  the  Magdalena. 

The  valley  of  the  Telembi  (Barbacoas)  also  contains  many  rich 
placers,  the  gold  being  generally  very  fine.  This  gold  generally 
carries  also  small  scales  of  platinum,  of  which  metal  a  good  deal  is 
annually  obtained  both  here  and  in  the  Cauca  valley,  in  the 
districts  chiefly  of  San  Juan  and  of  the  Atrato  River ;  the  annual 
production  is  worth  about  S.50,000.  Several  silver  mines  exist, 
the  richest  being  in  Mermato  and  Supia  ;  it  is  estimated  that  the 
entire  silver  output  up  to  the  end  of  1890  was  $18,000,000. 

The  production  of  the  great  gold-field  of  South  America,  north 
of  the  River  Amazon,  was  as  follows  about  1880  : — ^ 

U.S.  of  Colombia,    1880.     .     .     .  .S-i,000,000 

Venezuelan  Guiana    „      ....  2,200,000 

Dutch  Guiana,         1879  ....  272,000 

French  Guiana           „       ....  200,000 


Total     .    86,672,000 

The  outputs  of  each  individual  State  for  recent  years  have 
already  been  given. 

Argentine  Republic. — It  is  stated  by  Mr.  Rickard,  that  at 
the  period  of  his  writing  (18G3)  there  were  twenty-eight  gold 
mines,  the  same  number  of  placer  washings,  forty-six  silver  mines 
and  eleven  copper  mines  working  in  the  Republic,  producing 
3,654  oz.  of  gold,  418,201  oz.  of  silver,  and  15,032  cwts.  of  copper.- 
Clarence  King  estimates  the  production  of  the  precious  metals  in 
the  Argentine  Republic  during  the  year  1880  as :  gold  878,546, 
silver  $420,225.-^ 

Among  the  more  important  mines  are  those  in  the  province  of 
Rioja,  where  the  formation  is  Silurian.  The  copper  ores  of  this 
region  always  contain  both  gold  and  silver,  whilst  auriferous  veins 
of  quartz  are  of  not  unfrequent  occurrence. 

Some  of  the  most  important  gold  mines  are  situated  in  the 
province  of  San  Luis,  the  best  known  perhaps  being  the  Carolina 

1  Report  of  the  Dirt'-tor  of  the.  Mint  upon  the  Prodncfion  of  Precious  Metals  in, 
the  U.S.  1882,  p.  543. 

-  F.  Rickard,  Minn-fU  Rcsonrre.t  of  the  Anjentine  Republic,  London,  1870. 
s  C.  King,  Production  of  the  Precious  Metals,  1881. 
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Mine,  which  has  been  worked  by  an  English  company.  The 
country  formation  consists  here  (as  in  most  of  the  provinces 
traversed  by  the  Andes)  of  metamorphic  rocks,  chiefly  gneiss, 
mica  schists,  &c.,  with  granitic,  porphyritic  and  trachytic  intrusions. 
If  the  statements  in  the  official  ^  description  can  be  relied  on,  the 
gold  does  not  occur  in  veins,  but  in  altered  beds  of  conglomerate 
and  clay  slate,  carrying  gold,  auriferous  pyrites,  galena,  blende,  &c. 
The  general  strike  is  said  to  be  about  north  and  south.  It  is  said 
that  during  1887  there  were  extracted  from  the  Carolina  Mine 
1,490  tons  of  ore,  which  produced  1,801  oz.  of  gold.  Other  mines 
occur  in  the  same  district,  which  seem  to  be  situated  on  a  con- 
tinuation of  the  above-named  formation.  The  Mine  Fortuna  or 
Santa  Barbara  contains  a  vein  about  two  feet  thick,  runninof  east  and 
west  and  dipping  to  the  south  between  walls  of  granite  and  gneiss. 
The  gangue  is  quartz,  carrying  chiefly  galena,  copper  and  other 
pyrites,  &c.,  and  is  said  to  be  rich  in  gold.  Gold-bearing  placers 
are  worked  in  the  Canada  Honda,  and  along  the  Rio  de  la  Carpa, 
as  well  as  in  several  other  places.  Many  other  districts  and 
provinces  are  known  to  be  rich  in  mines  of  gold  and  silver,  as 
well  as  of  other  metals,  but  very  little  true  mining  has  yet  been 
done.  Reliable  statistics  are  not  obtainable ;  in  the  U.S.  Mint 
report  for  1894,  the  output  for  1893  is  given  as:  gold  211  kilogr., 
worth  $140,200  ;  silver  22,026  kilogr.,  worth  $915,400. 

Patagonia. — Patagonia  and  Tierra  del  Fuego  are  both  known 
to  contain  extensive  and  rich  gold  placers,  though  no  definite  in- 
formation is  available  about  them.  On  the  sea  beach,  not  far 
from  Punta  xlrenas,  a  deposit  of  black  iron  sand,  probably  ilmenite 
and  magnetite,  very  rich  in  gold,  is  known  ;  it  is,  however,  covered 
at  high  tide,  and  the  difficulties  of  working  it  are  enormous.  Large 
tracts  of  the  sea-shore  are  said  to  be  gold-bearing,  and  placers  are 
also  said  to  exist  in  many  of  the  valleys.  No  precise  information 
is,  however,  available. 

Ecuador. — Gold  is  known  to  occur  in  various  parts  of  this 
republic.  In  the  Zaruma  district  small  veins  of  gold  quartz 
superficially  very  rich,  but  generally  poor  in  depth,  occur  in  meta- 
morphic rocks.  Alluvial  deposits  are  also  said  to  exist  in  the  Playa 
del  Oro.  Other  metals  also  occur,  notably  mercury,  but  are  not 
worked.  The  production  for  1893  is  given  in  the  U.S.  Mint 
report  as  :  gold  79  kilogr.,  worth  $52,000,  and  silver  240  kilogr., 
worth  $10,000. 

^  H.    D.    Hoskold,    j\lcmoire   Cfe'neral   et   special   siir   Ics  mine--^,  etc.,   dans  la 
Repuhlique  Argent nie,  1881),  p.  252. 
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CENTRAL  AMERICA. 

That    portion   of   the   great   mountain  range  that  practicall}" 
traverses  the   Americas    from    north    to    south,  and  which   seems 
throughout  its  course   to  be    productive  of  precious   metals,    no 
doubt   must   be    as  rich  where   it  traverses  Central  America   as 
it  is  to  the  north  and   to  the   south  thereof.       It  has,  however, 
been    but   imperfectly  explored  ;    work    can    only   be    carried    on 
with  the  greatest  difficulty,  and  its  actual  production  of  metallic 
minerals  is  far  less  than  it  might  be.     Although  great  quantities  of 
silver  were  at  one  time  produced  in  this  region,  and    thougii  ores 
of  quicksilver,  tin,  copper,  lead,   &c.,   are  known  to   exist,  gold  is 
practically  the  only  metal  mined  for.  Placers  are  chiefly  exploited, 
but  some  reef  minino-  is  also  carried  on,  though  but  little  is  known 
concerning  the  nature  of  the  deposits.     The  best  known   mine  is, 
perhaps,  the  Rosario  Mine,  in  Honduras,  which  has   been  working 
steadily   for   a   good   many   years.     In  Nicaragua  the  Chontales 
district  is  the  richest  ;    no    statistics  are  available,  but  it  would 
seem  from  some  unofficial  figures  that  the   production  of  alluvial 
gold  must  be  about  8..000  oz..  and  of  reef  gold  about  16,000  oz. 
per  annum.i     In  Costa  Rica  much  placer  gold  is  got,  but  the  best 
known  mines  are  those  of  the  Monte  del  Aguacate,  which  are  said 
to  have  produced  87,000,000  2  up  to  the  end  of  1892.     In  Guate- 
mala there  are  gold   placers  on  the  banks  of  the   Motagua,  and 
silver  mines  in  the  departments   of  Santa  Rosa  and  Chiquimula. 
The  total  gold  production  of  Central  America  is  given  as  S470,500  ^ 
for  1894,  but  no  reliance  can  be  placed   on  the  correctness  of  this 
figure. 

Cuba. — This  island  contains  important  deposits  of  copper,  iron 
and  manganese  ores,  but,  owing  to  its  disturbed  political  condition, 
very  little  mining  is  carried  on.  The  principal  iron  mines  are  the 
Juragua  Mines  ;  their  production,  after  having  been  over  300,000 
tons  yearly,  was  only  164,416  tons  in  1894.^  Numerous  manganese^ 
mines  are  known  in  the  mountain  range  between  Santiago  de 
Cuba  and  Manzanillo,  the  output  for  1893  being  given  as  close  on 
14,000  tons. 

1  ^'Nicaragua,"  Btdktin  Xo.  .")1,  Washington,  1892,  p.  163. 

2  J.  B.  Calvo,  The  Rtpuh/ir  0/ Cosfa  Rica,  1893,  p.  19. 

3  The  Mineral  Imliistry,  iii.  1894,  p.  283. 

■»  Ihid.  p.  3.-)8.  '  I^'i'l-  P-  -^9. 
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Aardal  (Norway),  olO 

Abercarn  (Wales),  286 

Aberfoil  (X.S.W.),  670,  671 

Aberystwith  (Wales),  2S8 

Acadia  Mines  (Nova  Scotia),  854 

Achilles  reef  (Taraclale),-637 

Aconcagua  (Chili),  876 

Acqiiaresi  (Sardinia),  480 

Acton  :*Iine  (Canada),  839,  842,  843 

Adderburv  (Oxford),  257 

Adenstadt  Mine  (Harz).  404 

Adirondacks,  The  (U.S.A.),  820 

Adjah  Bippo  Mines  ((iolcl  Coast),  729. 

730 
Afghanistan,  577,  584,  501 
Africa,  722—740 

Statistics,  726,  731,  733,  738,  739 

Copper,  724 — 727 

Gold,  728—739 

Iron,  722—724,  739 
Agordo  (Vicenza),  367,  461,  473 
Ain-Barbar  (Algeria),  724 
Ain-Morkha  (Algeria),  723,  724 
Airedale  (Yorkshire),  279,  280 
Aix-la-Chapelle,  foundries  of,  359,  360 
Ajmir  (Rajputana),  579,  583 
Akankoo  (Gold  Coast),  728 
Akmolinsk  (Siberia),  544 
Alabama  (U.S.A.),  802,  825 
Alapaewsk  (Russia),  547 
Alaska  (U.S.A.),  769 
Albanj-  County  (Wyoming),  784 
Albert  (N.S.W.),  648,  652 
Alburg  (Vermont),  848 
Alcoutim  (Portugal),  514 
Alderley  Edge  (Cheshire),  66,  266,  267 
Alemtejo  (Portugal),  498,  517 
Alfreton  (Derby),  254 
Algarve  (Portugal),  515 
Alger  (Algeria),  723,  724 
Algeria,  114,  722—726 
Algodon  Bay  (Bolivia),  881 
Algoma  (Canada),  834 
Aljustrel  (Portugal),  514 
Alleghany  Mountains,  150,  740 
AUemont  (Isere),  350,  351 
Allendale  (Northumberland),  270 


AUenheads  (Northumberland),  245.  277 
Alleward  (Isere),  328 
Allihies  (Ireland),  316 
Almaden  (Spain),  449,  502,  503 
Almanda  Mine  (Adelaide),  696 
Almazarron  (Spain),  496 
Almeria  (Spain),  494—497.  505,  509,  511 
Alps,  The,  349—352,  472,  488 
Alsace-Lorraine,  426 
Alston   Moor,    111,    113,   149,   150,   244, 
245,  270—279 

Leithart  on,  125 

Wallace  on,  127 
Altai  Mountains  (Russia),  540,  553 — 555 
Alt-Breisach  (Rhine),  380 
Alte-Hofiriung-Gottes   Mine    (Freiberg), 

Altenberg   (Erzgebirge).    169—172,    418, 

421 
Altenberg  Mine  (Diiren),  372 
Altenbriick  (Rhine),  372 
Altenbiihren  (Rhine),  371 
Altengriniberg  (Weilberg),  378 
Alter  St.  Joseph  Mine  (Wittich),  379 
Alt-^Iordgrube  ^liue  (Freibei-g),  411 
Ahvar  (Rajputana),  583 
Ahverd  (Russia),  549 
Amador   County  (California),   747 — 750. 

754 
Amlialla  (Punjab),  575 
America,  Central,  891 

North,   138,  164,  175,  740-867  (•«' 

U.S.A.  and  Canada) 
South,  868—890 

Statistics,  879,  883,  886,  888 

Copper,  876—881,  887 

Gold,  868—873,  879,  883—890 

Iron,  872,  879 

Manganese,  877—879,  891 

Silver,    874-876,    879—884,    889, 
891 

Tin,  881,  882 
Amherst  (Maryborough),  623 
Annneberg  (Sweden),  532 
Ammelsdorf  (Erzgebirge),  414 
Amphitheatre  (Maryboi-ough),  623 
Amur  district  (Siberia),  544,  545 
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Anaconda  ^Mine  (Montana),  809,  810 

Anaphi  ((xreece),  490 

Ancona  (Italy),  461 

AndacoUo  (Chili),  873 

Andromonastiri  (Messina),  491 

Angels  Camp  (California),  747,  750 

Anglesea,  300—304 

Angora  (Anatolia),  559 

Annaberg  (Erzgebirge),  408,  41(5,  417 

Annapolis  Countj-  (Xova  Scotia),  854 

Antio(|uia  (Columbia),  888,  889 

Antiparos  (Creece),  490 

Antofagasta  (Chili),  881,  882 

Antrim" County  (Ireland),  313 — 316 

Antrona  Valley  (Turin),  462,  462 

AntAverp,  362 

Anzasca  Valley  (Turin),  462,  463 

Aosta  Valley  (Turin),  461,  471,  478 

Apeimines,  The  (Tuscany),  473 

Aj^palacliian  Mountains  (U.S.A.),  785 

Aranyidka  (Hungary),  450 

Ararat   (Victoria),    620,    624,    630,   638, 

645,  646 
Arendal  (Norvvay),  528,  529 
Ai'eskutten  (Sweden),  535 
Ai'evalo  ^line  (Mexico),  865 
Argentiera  ( Vicenza),^69 
Argentine  Mines  (Cal«rnia),  804 
Argentine  Republic,  889 
Arghana  (Turkej'),  558 
Arkansas  (U.S.A.),  805,  825,  828 
Arkansas  River  (Colorado),  771 
Arkendale  (Yorkshire),  279—282 
Arkengartli  Dale  (Yorkshire),  281 
Ariege,  347,  348 
Ariege  River  (France),  327 
Arizona  (U.S.A.),  762—768,  810,  811 
Armens  Mine  (Kongsberg),  521 — 523 
Armidale(N.S.W.),  670 
Arnsberg  (Prussia),  375 
Area  (Guiana),  887 
Arque  (Bolivia),  880 
Arqueros  (Chili),  875 

Arrow  Creek  (X.Z. ),  715 

Arran  (Russia),  550 

Arvedals  Mine  (Norway),  524 

Ascot  (Canada),  849 

Ashburton  (Australia),  699,  701 
(Devon),  236 

Ashe  County  (N.  Carolina),  813 

Ashio  (.Japan),  615 

Asia  and  Oceania,  559 — 721 

Askam  (Furness),  250 

Assam,  575,  576,  580,  587,  595 

Asturias,  The  (Spain),  503,  504 

Atacama  (Chili),  874,  876,  881 

Athus  (Luxembourg),  353 

Atlantic  Mine  (Lake  Superior),  186 

Ati-ato  River  (Colombia),  889 

Aurora  (California),  793 

Aiistralasia,  619 — 721 

Australia,  South,  687 — 698 

Statistics,  690,  695,  697 
Copper,  687,  691—696 


Australia,    South,    Gold,    52,     125,    155, 

687-691 

Lead,  687,  696—698 

Silver,  687,  696—698 

Sulphur,  138 

Tin,  33,  698 

Zinc,  698 
Western,  698—703 

Statistics,  699,  701 

Gold,  98,  698—701 
Australian    Broken   Hill   Consols   Mine, 

(N.S.W.),  655 
Austria,  430—449 

Statistics,  439—442,  445—449 
Anthnony,  439,  442,  449 
Arsenic,  434,  436,  439,  440,  449 
Bismuth,  436—439,  449 
Cobalt,  436—439,  442,  449 
Copper,  430—434,  439—449 
Gold,  430,  439-443,  449 
Iron,  430—449 

Lead,  430,  434—440,  445—449 
Manganese,  439,  449 
Mercury,  430,  4.32,  447—449 
Nickel,  436—442,  449 
Silver,  430—445,  449 
Tin,  430,  437—439,  449 
Uranium,  436—439,  449 
Zinc,  444—449 
Aveiro  (Portugal),  514 
Aveyron  (France),  114,  343 

Baou  Arrodas  (Sardinia),  464 

Baden,  102—104,  137;  379,  380 

Baden  Baden,  378 

Badenweiler,  137 

Baliia  (Brazil),  872 

Baker  Co.  (Oregon),  769 

Baier  Valley  (Erzgebirge),  381 

Baigorry  (Basses-Pyrenees),  348 

Bailey's  Reward  Mine  (Australia),  98 

Bairuki  (Bengal),  581 

Balbouk  (Russia),  542 

Ballacorkish  Mine  (Isle  of  Man),  305 

Ballarat   (Victoria),   112,  620—631.  637, 

644,  645 
Ballinagappoge  (Ireland),  311 
Ballinasilloge  (Ireland),  312 
Ballycreen  (Ireland),  311 
Ballylig  (Ireland),  316 
Ballymurtagh  (Ireland),  312,  316 
Ballypalady  (Ireland),  315,  316 
Balochistan,  576,  579,  584 
Baltimore  County  (Maryland),  828 
Balve  (Germany),  371 
Bamble  Mine  (Norway),  527 
Banat,  The  (Hungary),  459 
Banbury  (Northampton),  257 
Banca  (Sumatra),  608 — 610 
Bangor  (Wales),  133 
Bankura  (Bengal),  572 
Bannu  (Punjab),  575 
Banton  (Scotland),  324 
Bara  Bazaar  (India),  573 
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Baragunda  (Hazaribagh),  583 

Barakar  (India),  561,  589,  593 

Barakur  Works,  the  (Buinia),  595 

Barbe  Mine  (Poland),  553 

Barbecot  (Portgibaud),  338,  339 

Bjirenstein  (Erzgebirge),  172 

Barima  River  (Guiana),  887,  888 

Barkerville  (British  Cohimbia),  856 

Barlindalen  (Norway),  521 

Barnsley  (Yorksliire),  254 

Barossa  Goldtiehls  (Aiisti'alia),  687 — 689 

Barrier  Range  (N.S.W.),  652,  654 

Barwai  (India),  593 

Basle  (Rhine),  380 

Basses-Pyrenees,  330 

Bassick  Mine  (Colorado)  775 — 778 

Bass's  Rancli  (California),  741 

Batere  (Pyrenees),  329 

Batiscan  (Canada),  848 

Bathurst  (N.S.W.),  648,  652,  670 

Batman  (Turkej'),  558 

Baumholder  (Palatinate),  382 

Bavaria,  427 

Baynes  Sound  Mine  (British  Columl)ia), 

859 
Beaconsfield  Goldfields  (Tasmania),  703, 

704 
Beam  (Cornwall),  169,  170,  218 
Bearhaven  (Ireland),  316,  317 
Bedford  United  Mines  (Devon),  235 
Beechworth    (Victoria),    620—623,    630, 

644—647 
Beer  Alston  (Devon),  236 
Behilfe-Kurprinz  Mines  (Freiberg),  415 
Beira  (Portugal),  516 
Belgauni  (Bombay),  574 
Belgium,  175,  177,  352 — 362 
Statistics,  361,  362 
Antimonj-,  356 
Calamine,  359,  360 
Coal,  352,  355—360 
Copper,  356,  358 
Iron,  352—357,  360—362 
Lead,  354 — 362 
Manganese,  354 
Silver,  356 

Zinc,  175,  177,  358—362 
Beja  (Portugal),  514 
Bellary  (India),  577,  581 
Belmont  (Canada),  847 
Bendemeer  (N.S.W.),  664 
Bendigo  (Sandhurst),  155—160,  620,  623, 

628—636,  644— 64(i 
Bendzin  (Poland),  553 
Bengal,  28,  572,  577—581,  587,  592,  595 
Beni  (Bolivia),  881 
Beni-saf  (Algeria),  723 
Bensberg  (Cologne),  364,  372 
Beresovsk  (Russia),  25,  541 — 546 
Berg  (Germanv),  369,  373 
Bergamo  (Italy),  466—469 
Bergmannstrost  Mine  (Clausthal),  87,  88 
Berlyn  (Lydenburg),  734,  737 
Bernice  (Nevada),  805 


Berry  (Cher),  328 

Bersbo  Mine  (Atvidaberg),  535 

Beschert-Gliick  Mine  (Freiberg),  412 

Besseges  (France),  24,  327,  340 

Betmangla  (Mysore),  568 

Betfs  Cove  (Newfoundland),  860—862 

Beuthen  (Silesia),  421,  422 

Bhagalpur  (Bengal),  577 

Bhamo  (Burma),  576 

Bhangarh  (India),  589 

Bhartpur  (Rajputana),  583 

Bigrigg  (Cumberland),  247 

Bijanagar  (India),  577,  581 

Bikanir  (Rajputana),  583 

Bilbao  (Spain),  492,  493,  506 

Biiliton  (Sumatra),  608—610 

Birkenberg  (Bohemia),  430,  431 

Birkhum  (India),  590,  592 

Bisbee  (Arizona),  810 

Bisersk  (Russia),  545,  546 

Bismarck  Mine  (N.S.W. ),  666 

Black  Bed  Mine  (Yorks. ),  253,  254 

Black  Flag  (Australia),  701 

Black  Forest,  The,  130,  131 

Black  Head  (Cornwall),  217 

Black  Hills  (Dakota),  25,  780 

Blackwood  (Ballarat),  621 

Blaenafon  (Wales),  286 

Blagodat  Mt.  (Russia),  548,  549 

Bleiberg  (Caiinthia),  445 

Bleiberg  (Diiren),  368—370 

Bleiwiische  (Germany),  371 

Bleyberg  (Moi'esnet),  355 — 359 

Blidah  (Algeria),  725 

Blinman  Mine  (Australia),  694 

Blisworth  (Northampton),  257 

Blue  Mountain  (Victoria),  646 

Blue  Spur  (N.  Zealand),  714 

Blumberg  Goldfields  (Australia),  687,  688 

Blvde  Valley  (Lvdenburg),  734 

Bo'ckswiese  (Harz),  385,  387,  389 

Bochum  (Westphalia),  377 

Bodie  (California),  750 — 753 

Bodmin  (Cornwall),  217,  221,  227 

Bommel,  Island  (Norway),  519,  520 

Boghead  (Linlithgow),  323 

Bog  Mine  (Shropshire),  265 

Bohemia,  34,  419,  430—439 

Boleo  Mine  (Mexico),  867 

Boleslaw  (Poland),  552,  553 

Bolitho  Mine  (N.S.W.),  666 

Bolivia,  880—883 

Bombay,  574,  579,  587,  593 

Bonmahon  (Waterford),  316 

Bonn,  377,  378 

Boorook  (N.S.W.),  652,  653 

Borax  Lake  (California),  141 

Bormio  (Lomljardv),  479 

Borneo,  610-612"^ 

Botallack  (Cornwall),  204,  205 

Bottino  Mine  (Florence),  466 

Botza  (Hungary),  450 

Bou-Hamta  (Algeria),  723 

Boulder  Co.  (Colorado),  779 
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Boundary  Tin  Mine  (N.S.W.),  607 

Bovey  Tracey  (Devon),  237 

Bowling  (Yorkshire),  253 

Bracken  Syke  Vein  (Alston  Moor),  24") 

Bradda  Head  (Isle  of  Man),  30."") 

Briiunsdorf  (Erzgebirge),  410,  411 

Braganza  (Portugal).  "iKj 

Brahmaputra  River,  'ud,  59.i 

Brand  (Erzgelurge),  412,  41.1 

Braunlange  (Harz),  384 

Brazil,  46,  868—873 

Breage  (Cornwall),  2(H) 

Bi'emnaes  Mine  .(Norway),  519 

Brandon  Hills  (Somerset),  240,  241 

Brennan's  Creek  (Queensland),  674 

Brescia  (Italy),  466 

Breslau  (Germany),  426 

Brewer  Mine  (South  Carolina),  786 — 788, 

803 
Bridestow  (Devon),  235 
Brierly  (Yorkshire),  253 
Briey  (France),  328 
Brilon  (Germany),  371,  376 
Brisee  Vein,  The  (Chalanches),  350 
Bristol,  24 

British  Columbia,  854 — 860 
Brittanv,  325,  331     333 
Brixlegg  (Tyrol),  440—442 

Brixworth  (Northampton),  257 
Brocken,  Tiie  (Harz),  384,  389 

Broken  Hill  Mines   (N.S.W.),  OS,    158, 
159,  652—658,  670,  671 

Brome  (Canada),  847 

Brora,  Loch  (Scotland),  318 

Bruce  Mines  (Huron),  843 

Briick  (Prussia),  375 

Brunswick,  427 

Brusimpiano  Mine  (Milan),  465 

Buckeye  Tunnel  (California),  745 

Buckinghamshire,  258 

Bucklers  (Cornwall),  217 

Biilten  Mine  (Harz),  404 

Bulgardegli  (Turkey'),  558 

Bull  Domingo  Mine  (Colorado),  777 

Bumalo  Mine  (South  Carolina),  788 

Bundi  ( Raj pu tana),  583 

Buninyong  (Ballarat),  621 

Bunny  (Cornwall),  169,  170 

Burgstiidter  Mines  (Harz),  385,  386 

Burma,  33,  576,  580,  587 — 591,  595 

Burnhope  Seat  (Durham),  275 

Burra  Burra  Mine  (Australia),  691 — 694 

Burraga  (N.S.W.),  661 

Buttamuk  Mine  (Australia),  696 

Butte  (Montana),  98,  809,  810 

Butterley  (Derby),  254,  256 

Caba9AL  River  (Brazil),  872 

Cabarrus  County  (North  Carolina),  785, 

789 
Cacaria  (Mexico),  867 
Cacile  (Silesia),  423 
Calamita  (Elba),  480—482 
Calaiias  (Spain),  501,  502 


Calaveras  County  (California),  746,  747, 
750,  754 

Skull  from,  22 
Calcifer  (Queensland),  681 
California,    10,    106,   114,   115,   135,  150, 
741—754,  791—796,  803-805,  828,  829 
Human  remains,  22 
Gravels,  20,  23 
The  Gold  Rush,  21 
Black  Sands,  26,  27 
Geysers,  129,  137 
California  Creek  (Queensland),  685 
Calistoga  Mountain  (St.  Helena),  117 
Call  (Diiren),  368 
Callao  Mine  (Guiana),  885.  886 
Callington  (Cornwall),  109,  227,  228 
Callington  (Australia),  693 
Cally  (Kirkcudbrightshire),  321 
Caltanissetta  (Italy),  461 
Calumet  and  Hecla  Mine  (Lake  Superior) 

807—809 
Camaresa  (Greece),  485,  488 
Camborne  (Cornwall),  201,  210—213 
Camelford  (Cornwall),  219 
Camerata  (Algeria),  723 
Campbell's  Creek  Mine  (Au.stralia),  696 
Campbelltown  (Tasmania),  712 
Campiglia  Marittima  (Italv),  476 
Canada,  26,  37,  150,  183,  830—860 
Statistics,  860 

Copper,  834,  838—845,  859,  860 
Gold,  830—834,  860 
Iron,  37,  846—849,  860 
Nickel,  845,  846,  800 
Platinum,  832,  860 
Silver,  834—838,  858—860. 
Candonga  (Brazil),  869 
Cani  (Turin),  463 
Canigou  (Pyrenees),  329 
Cankim  Bamoo  (Gold  Coast),  728 
Canton  (Georgia),  814 
Capanne  Vecehie  (Tuscany),  476 
Cap  de  la  Madeleine  (Canada),  848 
Cape  Cavallo  (Algeria),  724 
Cape  Coromandel  (New  Zealand),  713^ 

718 
Cape  Jervis  (Australia),  696 
C^apelton  (Quebec),  838,  844,  849 
Cape  of  Good  Hope,  726 — 728 
Cape  York  (Queensland),  680 
Capo  Becco  (San  Pietro),  478 
Capo  Rosso  (San  Pietro),  478 
Caracoles  (Chili),  874,  875,  881 
Caradon  (Cornwall),  221—223 
Garatal  ((xuiana),  886 
Carclaze  (Cornwall),  169,  170,  218,  227 
Cardiganshii'e,  287 — 292 
Cargan  (Ireland),  316 
Cariboo  (British  Coluniljia),  855 — 858 
Carinthia  (Austria),  175,  177,  430,  445 — 

447 
Carmen  (Mexico),  865 
Carnarthen  Carn  (Cornwall),  210 
Carn  Brea  (Cornwall),  210—213 
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Camiola  (Austria),  430,  447.  448 
Cam  Marth  (Cornwall),  92,  210 
Cam  Menelez  (Cornwall),  210 
Carnmoney  (Ireland),  315 
Carnon  Htream  (Cornwall),  214 
Carolina  (U.S.A.),    107,    138,   785—789 

803,  813,  825 
Carolina  Mine  (Argentine  Rep. ),  890 
Carreg-y-doll  (Angle.sea),  3(X),  302 
Carrick  Mines  (Xortliuniberland),  246 
Carrigat  Mine  (Ireland),  312 
Carrizal  (Chili),  876—878 
Carroll  Co.  (Virginia),  812,  814 
Carson  Hill  (California),  747 
Carson  Vallej'  (California),  757 
Carson's  Flat  (California),  21 
Cartagena  (Sjiain),  177,  505,  509 
Casa  Conti  Valley  (Milan),  469 
Casadella  Miniere  Mine  (Como),  466 
Caspari  Mine  (Arnsberg),  375 
Cassiar  (Br.  Columbia),  856 
Castell  Cam  Uoclian  (Wales),  294 
Castle  Dome  (Arizona),  767 
Castlemaine  (Victoria)  138,  620,  624, 628, 

630,  644,  645 
Cauca  River  (Colombia),  888,  889 
Caucasus  Mountains,  540,  545,  550,  551 
Cazalla  ( Spain j,  493 
Cebu  (Philippine  Is.),  612,  614 
Cefn  Coch  [Mine  (Wales),  292,  294 
Cento  Camerelle  Mine  (Campiglia),  476, 

477 
Central  Prov.  (India),  573,  578,  583 
Cerchiera  (Genoa),  478 
Ceresier  (Alpes-Maritimes),  351 
Cerro  de  Pasco  (Peru),  883 
Cerro  de  Potosi  (Bolivia),  882 
Cerro  de  Proaiio  (Mexico),  863,  864 
Cetine   di  Cotorniano   Mine    (Florence), 

477 
Chaibassa  (India),  573 
Chalanches  Mountains  349—351 
Champ  de  Praz  (Turin),  471 
Champion  Bay  (Australia),  701 
Mine  (Lake  Superior),  823 
Reef  (Mvsore),  570 
Champlain,  Lake  (X.  York',  182,  819 
Chaiiarcillo  (Chili),  874,  875 
Chanda  (India),  583,  589,  593 
Changes  (Saone  et  Loire),  328 
Chantabun  (Siam),  607 
Chao-Juen  (China),  618 
Charlotte  Mine  (Callington),  227 

(Harz),  385,  386,  389 
Charlotteville  (Canada),  848 
Charters  Towers  goldfields  (Queensland), 

674—676 
Chase  Hill  Mine  (S.  Carolina),  788 
Chatisgarh  (India),  573 
Chaudiere  Valley  (Canada),  830—833 
Chaumattiya  Mine  (India),  586 
Checinig  (Poland),  552 
Cheeswring,  The  (Cornwall),  221 
Chendras  (Malaysia),  603 


Cherry  Creek  (Br.  Columbia),  858 

Cherson  (Russia),  .551 

Cheshire,  66.  266—269 

Chessy  (Rhone),  343—346 

Chester  Co.  (Pa.),  814 

Chesterfield  (Mass.),  803 

Chesterfield  (Derby),  25J^256 

Chesterfield  Co.  (S\  Carolina),  786,  803 

Chevinay  (8ain-Bel),  346 

Chieas  (Bolivia),  880 

Chi-Chao  (China),  618 

Chile  Mine  (Guiana),  886 

Chili,  873—879 

Chillaton  (Devon).  236 

China,  33,  617—619 

Chiusella  Vallej'  (Turin),  479 

Chocaya  (Bolivia),  881 

Choco,  The  (Colombia),  888 

Choukpazat  (Burma),  576 

Chota  (Peru),  883 

Chota  Xagpur  (Bengal),  572 — 578 

Christgriin  (Erzgebirge)  420 

Christow  (Devon),  236 

Chuquisaca  (BoliWa),  880,  881 

Churchill  Co.  (X'evada),  828 

Chutia  Xagpur  (see  Chota  Xagpur) 

Clarence  and  Richmond  district  (X.S.  W. ), 

648.  652.  671,  672 
Clausthal  (Harz),  384,  385,388,  390,  394, 

395 
Clay  Co.  (Alabama),  802 
Clear  Creek  Co.   (Colorado),  779 
Clee  Mine  (Finland),  555,  5.56 
Cleveland  (Yorkshire),  261—263 
Clifton  (Arizona),  810 
Clogau  Mines  (Wales),  292— t294 
Cloncurrv  (Queensland),  680,  681 
Chines  (Ballarat),  621,  635,  644 
Cobar  (X.S.W.),  648,  652,  660,  ()61- 
Coblenz  (Gemiany),  376 
Cochise  County  (Arizona),  762 
Cocinera  Mine  (Chili),  878 
Cogenhoe  (Xorthampton),  257 
Cogne  (Aosta  Valley),  478,  479 
Colien's  Reef  (Victoria),  642 
Coimbatore  (India),  563 
Colchester  County  (Xova    Scotia),   851, 

854 
Colfax  County  (Xew  Mexico),  784 
Colombia  (South  America),  888,  889 
Colorado  (U.S.A.),  39,  40,  162,  163,  771, 

774,  799,  825—828 
Columbia  (Washington),  769 
Colusa  Countv  (California),  115.  116,  135, 

137,  142,  793—795 
Combe  Martin  (Devon),  236,  237 
Combes  (Pontgibaud),  338 
Comillas  (Spain),  497 
Commern  (Prussia),  65,  368 
Como  (Itah),  466 
Comstock  Lode,  The  (X^evada),  116—119, 

340,  754—759 
Concepcion  Xueva  Mine  (Spain),  502 
Concordia  (Cape  of  Cxood  Hope),  727 
3  M  2 


900 


GEOGRAPHICAL    INDEX 


Connaiy  (Irelaml),  :^0(),  809,  312 
Connecticut  (U..S.A. ),  ^25 
Constantine  (Algeria),  724 — 720 

(Cornwall),  210 
Contention  Mine  (Arizona),  70-1 — 7()() 
Cook's  Kitchen  (Cornwall),  218 
Coolgardie  (W.  Australia),  699,  701 
Coopal  (India),  563 
Cope's  Creek  (N.S.W.),  664,  666 
Copper  Cliff  (Canada),  845,  846 
Copper  Falls  Mines  (Lake  Superior),  186, 

807 
Copper  Island  (British  Columbia),  859 
Copper  Queen  Mines  (Arizona),  810,  811 
Cofjuinibo  (Chili),  875 — 878 
Cora  Blanca  (California),  793 
Corbach  (Rhhie),  31)8 
Cordev'ola  Valley  (Italy),  472 
Corinth  (Greece),  491 

(Vermont),  817 
Cornacchino  (Tuscany),  405 
Cornwall,  28—38,  72,  81,  90—97,  107— 
109,      125,     147,    149,     169—174. 
191—233 
Statistics,  205,  209—223,  226—233 
Mining  districts,  203,  204 
Submerged  forests,  31 
'l''able  of  serj[uence  of  minerals,  102 
Antimony,  224 
Arsenic,  228,  233 
Cassiterite,  227 

Copper,  107,  193—222,  227—231 
Iron,  197.  218—229 
Lead,  198,  199,  214—232 
Silver,  214—227 

Tin,  107,  147,  173,  174,  193—229 
Uranium,  220 
Wolfram,  227,  22S 
Cornwall  (Pa.),  49,  819—821 
Cornwall  Mine  (Maryland),  812,  818 
Correboi  (Sardinia),  464 
Coruria  (Spain),  5(i5 
Costagels     and     (rremme    Mine    (Valle 

Seriana),  409 
Costa  Rica,  891 
Costerfield  (Victoria),  138 
Covapo  River  (Brazil),  872 
Coyote  (Utah),  805 
Craig  Green  Vein  (Alston),  245 
Craignure  (Inverar}'),  321 
Cranberry  Head  (Nova  Scotia),  850 
Crantock  (Cornwall),  214 
Ci'ask  Range  (Scotland),  318 
Creswick  (Ballarat),  021,  625,  627 
Cripple  (;;reek  (Colorado),  779,  780 
Crocodile  (ioldfields  (Queensland),  678 
Croghan-Kinshella  Mountains  (Ireland) 

311 
Cromarty  (Scotland),  45 
Cronebane  (Ireland),  306—309,  312 
Cross  Fell  (Cumberland),  244,   245,  270 

271 
Crossfield  (Cumberland),  176 
Cross  Gill  (Alston  Moor),  275 


Cross  Reef  (Ararat),  638,  639 

Crowan  (Cornwall),  210 

Crowgarth  (Furness),  247 

Crown's  Lode  (Botallack  Mine),  205 

Croydon  Goldlields  (Queensland),  679 

Crumlin  (Ireland),  315 

Csetatje  Mountain  (Hungary),  458 

Cuba,  891 

Cumberland,  116,  149,  175,  190,  214,251, 

270,  278,  279 
Cuneo  (Italy),  465 

Curangora  Mountains  (N.S.W.),  670 
Custer  County  (Colorado),  775,  779 
Cuyaba  Mine' (Brazil),  871  _ 
Cuyuni  River  (Gviiana),  887,  888 
Cwm  Eisen  (Wales),  292,  294 
Cwm  Mountain  (Wales),  285 
Cwm  Ystwyth  (Wales),  289 
Cyclades,  The,  488,  484 
Czeladz  (Poland),  553 
Cziklova  (Hungary),  459 

Dachkessax  (Russia),  550 

Uachslanden  (Rhine),  381 

Dacia  {see  Transylvania) 

Daisy  Flat  Lead' (Amherst),  623 

Dakota  (U.S.A.),  780—782,  803 

Dalarme  (Sweden),  538 

Dalecarlia  (Sweden),  531 

Daleszj'ce  (Poland),  553 

Dalkarlsberg  (Nora),  46 

Daly  River  (Australia),  690 

Damblond  (Russia),  550 

Danda  Mine  (India),  585 

Daniel's  Lode  (St.    Ives  Consols  Mine), 

208 
Dannemora  (Sweden),  181,  535,  536 
Darjiling  (India),  586,  587 
Dariey  Dale  (Derbyshire),  283 
Darling  Downs  (Queensland),  682 
Darrang  (Assam).  576 
Dartmoor,  227,  233—236 
Daylesford  (Victoria),  629 
Deccan  (India),  590 
Dechauri  (India),  594,  595 
De  Kaap  (Transvaal),  735 — 739 
Delife  (Wales),  289 
Denbighshire,  297—299 
Denny  (Scotland),  324 
Deoghur  (Bengal),  581 
Derbyshire,  110,  111,  149,  179,  252—256, 

282—284 
Derwent  Valley  (Northumberland^,  270 
Devil's  Bridge '(Wales),  288,  292 
Devon   Great   Consols  Mines,   233—235. 

289,  240 
Devonshire,  81,  233—240 
Dhadka  (India),  577 
Dhalbhum  (India),  581 
Dhanpur  (India),  154,  585 
Dliarwar  (Bombay),   561,    509,  570,  574, 

.")75 
Dhenkanal  (Orissa),  572 
Dhoni  (India),  575 
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Dhuiipoore  (.see  Dhaiipui) 

Dhiuode  ^line  (see  Carrigat  Mine) 

Diarljekir  (Turkey),  558 

Dillenburg  (Nassau),  373.  37") 

DippoLliswalde  (Saxon j'),  414 

Djeljel  Hamimat  (Algeria),  72") 

Djumbir  (Hungary),  454 

Dol)Schau  (Hungary),  456 

Dodder  Valley  (Ireland),  311 

Dognazka  (Hungarj'),  459 

Dolcoath  (Cornwall),  105,  211—213 

Dolgelly  (Wales),  292,  294 

Doliana  (Peloponnesus),  484 

Dollv  Hide  Mine  (Maryland),  812 

Dol-y-frwynog  (Wales)',  292—294 

Doniljrowka  (Silesia),  421,  424 

Domingo  Flores  (.Spain),  493 

Dom  Pedro  (Brazil),  871 

Doiia  Ana  Company  (New  Mexico),  784 

Donetz  Riyer  (Russia),  551 

Donoyan's  Creek  (Victoria),  <i47 

Dornberg  Mines  (Brilon),  371 

Dorothee  Mine  (Clausthal),  388 

Dorsetshire,  45 

Douglas  Island  (Alaska),  770 

Doyre  (Norway),  523 

Dowlais  (Wales),  43,  280 

Drake  Walls  (Cornwall),  227 

Dreda  (Malaysia),  602 

Drelette  (La'Manclie),  329 

Droguere  (France),  329 

Dromedary  Mount  (N.S.W.),  649 

Drosgol  Hill  (Wales),  290 

Drunnnondyille  (Canada),  842,  848 

Dry  Creek  (Queensland),  674 

Dubuque  (Wisconsin),  798 

Ducktown  (Tennessee),  814 — 817,  823 

Dudswell  (Canada),  831 

Duiyel's  Kantoor  (Transyaal),  734,  737 

Du  Loup  Riyer  (Canada),  831,  833 

Dunagael  (Rathlin  Island),  315 

Dundas  (Australia),  699,  701,  7n5— 7(>7 

Dundee  (N.S.W.),  664 

Dunderlandsdal  (Norway),  529 

Dunneden  (Scotland),  317 

Dunolly  (Victoria),  629—647 

Dunsley  Phfenix  (Cornwall),  222 

Durango  (Mexico),  867 

Diiren  (Germany),  368,  369,  372 

Durham,  84,  149,  244,  278,  279 

Durham  Lead  (Victoria),  620 

Duston  (Northamjiton),  257 

Dutch  East  Indies,  608,  609 

Dutch  (iuiana,  887 

Eagle  Mine  (Australia),  696 

East  Black  Craig  Mine  (Kirkcudbrights), 

322 
East  Coolgardie  (Austi'alia),  699 
East  Crayen  Moor  (Yorkshire),  281,  282 
East  Crinnis  (Cornwall),  217 
Eastern  TowTiships  (Canada),  838,   839. 

848 
East  Huel  Loyell  Mine  (Cornwall),  144 


East   Huel   Rose    Mine   (Cornwall),   214, 

215 
East  Pool  Mine  (Cornwall),  211 
-  Eaton  Mine  (New  Hants.),  799.  800 
Kbbw  Vale  (Wales),  286 
Ebe  Riyer  (Yashpur),  573 
Ebisdorf  (Erzgebirge),  409 
Kchunga  Goldtields  (Australia),  687,  689 
Ecton  Mines  (Derbyshire),  284 
Ecuador,  890 

Edder  Riyer  (<Termany),  363 
Ediacara  ^line  (Australia),  696 
Egelands  Mine  (Norway),  529 
Ehrenfriedersdorf  (Erzgeliirge),  419 
Eibenstock  (Erzgebii-ge),  417,  418 
p]idsyold  (Norwtiy),  519 
Eifel,  The  (Prussia),  368 
Einigkeit  Mine  (Freiberg).  412 
Eisenljerg  ((jermauy),  363 
Eisenerz  (Styria),  447 
Eislelien  (Mansfeld).  398--4iH» 
Ekaterinenburg  (Russia).  .547 
Ekaterinoslay  (Russia),  551 
Elba,  46,  461,  478,  480—482 
Elberfeld  (Germany),  371 
P^lbingerode  (Harz),  404 
El  Callao  (Venezuela),  885 
El  Chico  (Mexico),  865 
El  Dorado  Companj'  {California),  750 
ElgersVjurg  (Thiiringen),  406 
I^l-Hamimat  (Algeria),  725 
Elisabethpol  (Russia),  550 
Elizabethtown  (Canada),  848 
El  Paso  Company  (Colorado),  779 
El  Pedroso  (Seyi'lla),  510 
El  Poryenir  Mine  (Asturias),  504 
Elsmore  Mine  (N.S.W.).  671 
Elton  (Derby),  284 
VAy  County  (Neyada),  759 
Phnanuel  Mine  (Freil)erg).  41 1 
p]nuna  Mine  (Utah).  177.  178,  762 
Ems  (Germany).  133 
England,  72,  113.  167,  179.  189—284 

Statistics,  211     215,  230—233,  237— 
240. 251, 252, 263.  272,  273,  278, 279 

Arsenic,  233,  240 

Copper,    190.    191,     197—231,    238, 
266—269,  284 

(iold,  190 

Iron,  191.  244— 26S 

Lead,  179,  215     239,  245,  2(j4— 284 

Manganese,  201,  202,  262,  284 

Silver,  190,  215—239,  278 

Tin,  194,  197—231,  238 

Uranium.  22<) 

Zinc,  179,  240,  266,  279 
Emifjuita  (California),  793 
Eoje  Mines  (Norway),  527 
Erbisrlorf  (Erzgebirge),  412 
Erie  Lake  (Canada),  848 
Ernst  August  Mine  (Burgstiidter),  388 
Erzengel  Mine  (Lansberg),  383 
Erzgelurge,    the    (Germany),     111,     131, 
132,   172,  408—421 
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Erzwciler  (Palatinate),  382 

Escli  (Luxembourg),  427 

Esk,  The  (Northampton),  2(i2 

Espedalen  (Norwaj'),  527 

Esperauce  (Vosges),  335 

Espinha^o  Mountains  (Brazil),  !S()S 

Essen  ((Termany),  377 

Essequebo  River  ((.Tuiana),  887,  888 

Essex  County  (New  York  State),  819 

Eston  (Cleveland),  201,  202 

Estymteon  (Wales),  288,  290 

Etchemin  River  (Canada),  831 

Eubcea  (Greece),  483,  491 

Eule  (Bohemia),  430 

Eiireka  Consol.  Mine  (Nevada),  177,  178, 

759 
Eureka  Company  (Nevada),  759,  70tt 
Europe,  163,  189—559 
Evans  (Canada),  845 
Eveleen  Mine  (Austi'alia),  097 
Evora  (Portugal),  514 
Exeter,  236 
Exmoor  (Devon),  240 
Exmouth  Mine  (Devon),  23(i 
Eylau  (Bohemia).  430 

Fal,   The  ((,'onnvall).   Streamworks   on. 

29 
Falmouth  (Cornwall),  215 
Falun  (Sweden),  533,  534 
Famine  River  (Canada),  831,  833 
Farewell  Rock  (Forest  of  Dean),  243 
Farnham  (Canada),  848 
Faro  (Portugal),  514 
FastenV)erg  (Erzgebirge),  417 
Faule  Ruschel  :Mine  (Harz),  385.  387 
Fawler  (Oxfordshire),  257 
Felsobanya  (Hungary),  453,  454 
Fensgruberne  Mine  (Norway).  529 
Festenburg  (Harz).  385,  389 
Fichtelgel)irge.  Tlie.  132.  405.  420 
Fife,  317.  323 

Fifield  Coldtields  (X.S.W.),  (i71 
Fillols  (Pyrenees),  329 
Finedon  (Northampton).  257 
Finland,  37,  39,  540,  544,  rir^ri^r^ru 
Flackstad  (Norway),  528 
Flagstaff'  Mine  (Utah),  177,  762 
Flat  Reef  (Ararat),  638,  039 
Flaxlev  Abbey  (Forest  of  Dean),  242 
Flintshire.  29'7~299 
Florence.  4(51,  406.  473.  477 
Florida  (Chili),  874 
Foldal  (Norway),  524 
Forest  of  Dean,  The,  175,  241     244 
Formosa  (China),  (il9 
Fortuna  Lodes  (California),  752,  753 
Mine  (Hiendelaencina),  494,  495 
(Argentine  Republic),  890 
Fothrif  (Scotland),  317 
Fowey    Consols   Mines    (Cornwall),    72. 

217,  219 
Foxdale  Mine  (Isle  of  Man),  304— 30() 
Framont,  161,  336 


France,  24,  44,  325—352 

Statistics,  330,  333,  339,  342,  346— 
349,  352 

Antimony,  342,  350,  352 

Arsenic,  335 

Barium,  337 

Cobalt,  350 

Copper,  325,    330,    335,    336.  343— 
352 

(xold,  325—327 

Iron,  325—337,  343—348.  352 

Lead,  325,  331—343,  347—352 

Manganese,  342,  347,  349,  352 

Nickel,  350 

Silver,  325,  332—343,  348—352 

Tin,  325,  331 

Zinc,  330,  333,  343,  351,  352 
Frankenberg  (Hesse),  54 
Franklin  (New  Jersey),  186,  800,  819 
Frank  Mills  Mine  (Devon),  236 
Eraser    River    (Britisli    Columbia),    855, 

857,  859 
Frauenstein  (Erzgebirge),  414 
Frederick  Company  (Maryland),  812 
Freiberg  (Erzgebirge),  89,  101,  111,  12% 

149,  171,  408—415 
Fremont  Company  (Wyoming),  784 
French  (Tuiana,  887 
Fresnillo  (Mexico),  803,  804 
Fresno  Company  (California),  793 
Fresse  (Haute-Saone),  335 
Friendensville  (Pa.),  801 
Friedrich  Mine  (Tarnowdtz),  424 
Friedrich    Christian    Mine    (Schapbach), 

102—104,   380 
Friedrich  Wilhelm  Mine  (Berg),  372 
Friedrichsroda  (Thiiringen),  407 
Frischgliick  Mine  (Stern),  420 
Frisciigliickzeche  Mines  (Mies),  435 
Froddingham  (Lincoln),  260 
Frome  (Somerset),  113 
Fron  (iocli  (Wales),  288,  292 
Friihling  Mine  (Altenbruck),  372 
Funtanapei'da  (Sardinia),  480 
Furness,  247—252 

Galicia  (Austria),  430 

(iallinaria  (Genoa),  472 

(lammel-Solskin  Mine  (Roros),  524 

(Jard  (France),  330 

(iarden  Gulley  Reef  (Bendigo),  157 

(iarhwal  (India),  584 

(Taribaldi  Lands,  The  (St.  Arnaud),  632 

Garrigill  (Cumberland),  277 

Gar-Rouban  (Algeria),  724 

(Tai'thby  (Canada),  849 

(iiistrikland  (Sweden),  538 

(iaviera  ( Lombard}),  480 

Gay  ton  (Nortluimpton),  257 

<Tegoggan  (N.  Scotia),  850 

Gellivara  Mountain  (Norway),  182,  537 

(Tenna-Arenas  (Sardinia),  469,  470 

(iennamari  Mine  (Sardinia),  467 

Genoa,  461,  472,  478 
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George  Mine  (Australia),  696 

(4eorge  and  Charlotte  Mine  (Callington), 

227 
Georgetown  (New  Mexico),  784 
Georgia  (U.S.A.),  785,  814,  825,  828 
Gerbstedt  (MansfeM),  31»7.  398 
Germany,  37,  44,  1.33,  168,  169.  362—429 

Statistics,  370.  371,  394,  395,   402. 
403,  414—416,  420,  421,  425—429 

Antimony,  375,  379,  385,  390,  405, 
408,  409,  428.  429 

Arsenic,  374.  390,  408,  409,  413.  416. 
419,  420,  425,  428,  429 

Bismuth,    375,    379,    380,   408,   413, 
416—420.  428,  429 

Calamine,  372,  379,  381,  421—425 

Cobalt,  379,  385,  .390,  400,  407,  408, 
411—420,  428,  429 

C(.pper,  363—429 

Gold,  363,  364,  379,  380,  395,  405, 
4U8,  409,  418.  421,  428,  429 

Iron,  365—394,  400—429 

Lead,  364—379,  385—388,  394,  395, 
408—429 

Manganese.  373.  377—379,  384,  385, 
400—408,  427-^429 

Mercury,  374,  382,  383,  408,  428 

Nickel,  375,  379.  385,  408.  413—429 

Silver,  370—374,  379,  380,  385,  386, 
390,  395,  396.  400—421,  428.  429 

Tin,  408,  416—420,  428,  429 

Uranium,  416.  429 

Zinc.  365—374,  381.  386.  394,  395. 
408,  409,  420—429 
(iermoe  (Cornwall),  209 
(ierolstein  (Germany),  66 
(iersdorf  (Erzgebirge),  411 
Geryais  (Sain-Bel),  346 
Gesegnete     Bergmann's    Hoffnung    Mine 

(Freiberg),  411 
Geyer  (Erzgebirge),  169,  171,  419,  430 
Giant's  Causeway,  315,  316 
Gilbert  River  (Canada),  833 
Gilpin  Co.  (Colorado),  778,  779 
Gilsahaag  (Weilberg)  378 
Giovanni  Bonn  (Sardinia),  464 
Gippsland  (Victoria),  620—625.  642—646 
Giromagny  (Vosges),  335,  336 
Giron  (Colombia),  888 
Gladbach  (Rhine),  372 
Glamorganshire,  252,  287 
Glasdir  (Wales),  295 
Glendalough  f^Wales),  310 
Glendon  (Northampton),  257 
Glen  Essochossan  (Inverary),  321 
Glengaritr  (Ireland).  314—316 
GlenInnes(N.S.W.),  671 
Glenrave  (Ireland),  316 
Globe  (Arizona),  810 
Gloucestershire,  241 — 244 
Goa  Tumbus  (Malaysia),  602,  603,  606 
Godalore  (India),  56U 
Godavari  River  (India),  560 
Goddelsheim  (( Jermany),  364 


(iodolphin  Hill  (Cornwall),  209 

(iogebic  Range,  The  (Lake  Superior),  825 

Golconda  (lold-tields  (Tasmania),  704,  70.'> 

(ioldbach,  the  (]Moselle),  364 

Goldberg  (Silesia),  421 

Gold  Coast,  728—731 

Golden  Age  Mine  (N.S.W.),  653,  fj.54 

(Golden  Star  Mine  (Dakota),  781 

(ioldhausen  ((iermany),  363 

Gold  Hill  (Nevada),  755 — 758 

(^oldisthal  (Thiiringen),  405 

Goldkronacli  (Fichtelgebirge),  132 

Goldlauter  (Thiiringen),  407 

Gondomar  (Portugal),  514 

(Tongo  Socf)  (Brazil),  869,  871 

Good  Ejiough  Mine  (Arizona),  763,  766 

Gordon  Diggings,  the  (Scotland),  318 

Goi-don  (Ballarat),  621 

Goroblagodat.sk    (Russia),    25,    186,   541, 

545,  546 
(Tosalpur  (India),  589 
(Joshen  (Mass.),  803 
(ioslar  (Harz),  384,  391—395 
Gottesgabe  Lode  (Lansberg),  383 
Gottes-Hiilfe   Mine    (Kongsl)erg),    521 — 

523 
(lottessegen  Mine  ((Termanj'),  369 
(4o}-az  (Brazil),  872 

(4rampound  Road  Mine  (Cornwall),  220 
(irand  Central  Mine  (Arizona),  764 
(xrand  Combe  (Lozere),  34<t 
(ii-tindola  (Portugal),  514,  517 
Grant  Company  (New  Mexico),  783,  784 

(Oregon),  769 
Graskop  (Lydenberg),  734 
Grassington  Klines  (Yorkshire),  280,  281 
Grasslitz  (Bohemia),  431 
Grass  Valley  (California),  747,  750 
(iraiipen  (Erzgebirge),  172,  430,  438 
Gray's  River  (Nova  Scotia),  851  ■ 
(jreat  Britain  [see  United  Kingdom) — 

Ancient  Iron-beds,  37 

Copper-,  .53 

Tin,  190 

Uraaium,  220 
Great    Cobar    Copper    Mine    (N.S.^^■.), 

660,  661 
Great    Consolidated    Mines    ((4wennap), 

213 
(ii-eat  Extended  Hustler's  ^line(Bendigo), 

156,  157 
(ireat   Mother   Lode  (California),   747 — 

750 
Great  Sulphur  Vein  (Alston  Moor),  275, 

276 
Great  Village  River  (Nova  Scotia),  851 
(ireat   Western    Tin-field   (Queensland), 

684 
Greece,  483—492 

Statistics,  490,  492 

Chromium,  491,  492 

Copper,  485,  490 

Gold,  484 

Iron,  484,  485,  490-492 
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Greece,  Lead,  484 — 492 

Manganese,  490—492 

.Silver,  484—490 

Zinc,  484—490,  492 
Greenbushes  (Australia),  703 
Green  Island  (Canada),  848 
Greisbach  (Bleiberg),  368 
Grenville  (Canada),  846 
Grosseto  (Italy),  478 
Grossgruben      Mountain      (Nagvbanya), 

453,  454 
Grosskogel  (Tyrol),  441,  442 
Guadalajara  (Spain),  494 
Guadalcanal  (Spain),  493,  509,  510 
Guadalcazar  (Mexico),  867 
Guadalupe  (California),  792 
Guanaxuato  (Mexico),  862  —  865 
Guatemala,  891 
Guelma  (Algeria),  726 
Guiana,  885—889 
Guipuzcoa  (Spain),  497,  498 
Gujarat  (Bombay),  579 
Guldmedshyttan  (Sweden),  531 
(Uilgong(N.S.W.),  649 
Gundagai  (N.S.W.),  671,  672 
Gunnis    Lake     (Callington),    227,     228, 

234 
Gunong  Ledang  (Malaysia),  603 
Guston  Mine  (Colorado),  779 
Giite  Gottes  Mine  (Petersburg),  405 
Giite  Gottes  Mine  (Wittich),  380 
Gvosdanska  (Hungary),  450 
Gwalior  (India),  593 
(iwar  Coch  (Wales),  287 
(iwennap  (Wales),  109,  210,  213 
Gwinear  (Cornwall),  210 
Gympie  (Queensland),  673,  678,  679 

Hady  (Derby).  255 

Hahnenkleer  (Harz),  385,  387 

Haile  Mines  (South  Carolina),  788,  789 

Hall  Mines  (British  Columbia),  859 

Hancock  Mine  (Tennessee),  816 

Happy   Union  Streamworks   (Cornwall), 

29—31,  219 
Hard  Rigg  Edge  (Cumberland),  275 
Hartenstein  (P>zgel)irge),  409 
Harvey  Hill  Mine  (Leeds),  839-842 
Harz  Mountains  (Germanv),   131,  383 — 

405 
Harzgerode  (Harz),  385,  391 
Haus   Baden    and    Carl    Mine    (Bailen- 

weiler),  380 
Hausherzberger  Mine  (Harz),  387 
Haus  Sachsen   i\Iine   (Kongsberg),   521 — 

523 
Hazara  (Punjal)),  575 
Hazaribagh  (India),  577,  582,  594 
Heathcote  (Victoria),  646 
Heazlewood  (Tasmania),  706,  707 
Hel^ron  (Maine),  803 
Heidelberg  ('J^ransvaal),  733 
Heinzenberg,  the  (Tyrol),  441 
Helgevand  (Norway),  521 


Helmlingen  (Rhine),  381 

Helmsdale  River  (Scotland),  318 

Helsingland  (Sweden),  538 

Hemagiri  Hill  (Mysore),  568 

Hengstererben  (Bohemia),  438 

Hensbarrow  (Cornwall),  217 

Herberton  (Queensland),  681 — 686 

Herges  (Thiiringen),  407 

Herjeadalen  (Sweden),  537 

Heriand  (Cornwall),  210 

Herodsfoot  Mine  (Cornwall),  223—226 

Herrengrund  (Hungary),  455,  456 

Herrerias  (Almeria),  509 

Herzberg  (Harz),  385 

Herzog  August  Mine  (Schulenberg),  389 

Hesse  and  Nassau  (Germany),  370,  402, 

427 
Hettstedt  (Mansfeld),  397—400 
Hewas  (Cornwall),  217,  218 
Hej'ford  (Oxfordshire),  257 
Hiddenhole  Mine  (Durham),  275 
Hideberg  (Rhine),  364 
Hiendelaencina  (Spain).  494 
Hill  End  (N.S.W^),  650 
Hillgrove(N.S.W.),  670 
Himley  CoUierj'  (Dudley),  15 
Himmelfahrt  Mine  (Freiberg),  411,  414, 

415 
Himmelsfiirst  Mine  (Freiberg),  412,  415 
Hisatu  (India),  578 
Hiwassee  Mine  (Tennessee),  816 
Hodritsch  (Hungary),  451 
Hodsha-Gernish  (Turkev),  558 
Hockendorf  (Erzgebirgel,  410,  414 
Horde  (Westphalia),  377 
Hoffiiung  Mine  (Briick),  375 
Hofsgrund  (Erzkasten),  380 
Holden  (Norway),  529 
Holstein  (Germany),  421 
Holwell  (Somerset),  113 
Holywell  (Wales),  297 
Holzappel  (Germany),  133,  365 — 368 
Homestake  (Dakota),  781 
Honduras,  891 
Honuali  (Mysore),  568 
Hoshangabad  (India),  578 
Houghton  (Lake  Superior),  807 
Houssois  (Vezin),  353 
Huancane  (Peru),  881 
Huancavelica  (Peru),  884 
Huantajaya  (Peru),  883 
Huasco  (Chili),  877 
Huel  Betsy  (Cornwall),  227 
Huel  Clifford  (Cornwall),  201,  202 
Huel  Cock  (Cornwall),  205 
Huel  Crebor  (Cornwall),  227 
Huel  Crofty  (Cornwall),  94 
Huel  Edward  (Cornwall),  205 
Huel  Eliza  (Cornwall),  217 
Huel  Ellen  (Australia),  694,  696 
Huel  Friendship  (Devon),  235 
Huelgoet  (Finistere),  86,  <SS,  331,  332 
Huel  Ludcott  (Cornwall),  226 
Huel  Maria  (Devon),  233,  234 
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Huel  Marv  Ann  (Cornwall).  «(>,  91,  223 

—226 
Hnel  Seton  (Cornwall),  94,  201,  202 
Huel  Trelawnv  (Cornwall),  223 — 226 
Huelva  (Spain),  153,   183,  184,  492,  493, 

498,  499,  505,  511,  514 
Huel  Virgin  (Cornwall),  32,  219 
Hiilfe-Gottes  Mine  (Nanzenbach),  374 
Hiilfegotteser  Mines  (Harz),  386 
Hiitschenthal  (Harz),  385 
Huttenrode  (Harz),  404 
Hiiitzuco  (Mexico),  867 
Hull  (Canada),  846 
Hulu  Pahang  (Malaysia),  600 
Humboldt  Co.  (California),  27 
Hungary,  430,  450—460 

Statistics,  460 

Antimony,  450.  46<) 

Arsenic,  453,  457,  458 

Copper,  451 1 — 460 

iUAd,  430,  450—46(1 

Iron,  450—460 

Lead,  450—454,  457— 46<> 

Manganese,  457,  460 

Xickel,  456,  460 

Silver,  450—460 

Sulphur,  457 

Tellurium,  457 
Hunter  and  Maclearv  district  (X.S.W.  i. 

648,  652,  670 
Huntly  (Sandhurst),  623 
Huron,  Lake,  186.  S43,  844 
Huv  ( Belgium  I.  353 
Hyderabad  (India),  572,  592 

Idaho  (U.S.A.),  768,  803,  805 
Idaho  Mine  (Xevada  Company).  75n 
Idria  (Carniola;,  43<>,  447—449 
Iglau  (Bohemia),  43tt 
Iglesias  (Italy).  462,  467.  480 
Ilfeld  (Harz  ,' 4(14.  405 
Illinois  (U.S.A.;.  797 
Illogan  ((L'ornwall),  21(J 
Ilmenau  (Thiiringen),  407 
Indiana  (U.S.A.),  825,  827 
Indian  Empire,  138,  154,  559 — 597 

Statistics,  571,  572,  596,  597 

Arsenic.  574 

Cobalt,  588,  596 

Copper,  560,  580—587,  594—597 

(iold,  559—576,  596,  597 

Iron,  560,  569,  574,  587—597 

Lead,  559,  560,  576— 580.  59() 

Manganese,  589.  597 

Xickel,  588 

Silver,  559,  576 — 579 

Steel,  560 
id])hm-,  K-JS,  5ii4 

Tin,  587—589,  597 

Zinc,  583,  588 
Ingurtosu  Mine  (Sardinia),  467 
Inyo  Co.  (California),  754 
InVerell  (X.S.  W. ),  6(54.  671 
Ionian  Isles,  the,  484 


Iowa  (U.S.A),  797 
Iowa  Co.  (Wiscon.sin),  817 
Irawadi  Riyer  (Burma).  576 
Ireland,  306—317 

Statistics,  316 

Copper,  306.  3(J8,  31(i.  312.  oKi 

Cold,  310,  312 

Iron,  306—308,  312—316 

Lead,  306.  310 

Silver,  310 
Irkouskane  Mountain  (Russia),  549 
Iron  Mountain  (British  (Jolumbia),  859 

(Missouri).  821—823 
Irvinebank  (Queensland).  681.  685 
Isaakstanner  Mines  (Harz).  386 
Islav,  Isle  of.  321 
Isle'of  Man,  304—306 
Isle  Royale  (Lake  Superior),  807 
Islip  (X'orthampton).  257 
Ispagnac  (Lozere),  342 
Lstein  (Rhine).  380 
Italy.  461—483 

'Statistics,  471,  476,  482.  483 

Antimony,  466—468,  482,  483 

Arsenic,  473 

Copper,    461.    465 — 467.    471 — 475, 
479—483 

Cold,  462,  463.  476,  482,  483 

Iron,  461.  465—467.  471—483 

Lead,  461,  465—468.  482.  483 

Manganese   461.  478.  482.  483 

Mercury.  461.  464.  465.  482.  483 

Silver.  4(34-468.  482.  483 

Tin,  476,  477.  482 

Zinc,  461,  466—471.  482,  483 
Ivy  Reef  (Transvaal),  737 

jAiiALPrK  (India),  573,  578,  583.  589,  592 

Jackandauflah  (Beechworth).  621     - 

Jackson  Co.  (Oregon).  769 

Jiimbland  (Sweden),  535,  537 

.laen  (Spain),  494.  495 

Jaintia  Hills  (Assam),  595 

Jaipur  (Rajputana).  583,  584 

Jakob  Knudsen's  Mines  (Tromsd).  523 

Jalis  Mine  (Malaysia),  604 

Jalor  (Malaysia  ),'602 

Jamaica  Inn  (Cornwall),  219 

Jamjura  (Singbhum),  582 

Japan,  614 — 617 

Jashpur  (India),  573 

Jauer  (Silesia),  425 

Jaun.sar  (Punjab),  580 

Java,  (i09 

Jehol  (China),  618 

Jelebu  (Malaysia),  598.  6(Mi 

Jemmapes  (Algeria).  726 

Jeshui  (Mongolia),  618 

Jestetten  (Black  Forest),  381 

Jhilam  (Punjab).  575 

Joachimsthal(Erzgebirge).  408,  416,  430, 

431,  435—437 
Jocuistita  Mine  (Mexico),  8(i5 
Joliann  Friedi'ich  Mine  (  Buckswiese),  389 


906 


GECKJRAPHICAL    INDEX 


Johanngeorgenstadt  (Ei-zsel)iri;e),   416- 

418 
Johol  (Malaysia),  003 
Joliore  (Malaysia),  598,  001,  ()l)3 
Josephine  Co.  (Oregon),  70!) 
Juan  Teniente  Mine  (Sevilla),  .IK I,  ')\  1 
Jul)han  (Bombay),  oTO 
Jungunirazpilly  (India),  ^TT 
Jupiter  Creek  (Australia).  087 
Juragiia  (Cuba),  8!n 


Kaafjoki)  (Norway),  r)2() 

Kabin  (Hiani),  008 

Kadapah  (India),  577,  581,  5S!t.  5!»l' 

Kafveltorj)  (Sweden),  531,  535 

Kaladgi  (Bombay),  574 

Kandoops  Lake  (British  Columbia),  859 

Kamthi  (India),  501,  590 

Kandahar  (India),  501,  570 

Kandern  (Black  Forest),  379,  381 

Kansas  (U.S.A.),  801 

Kao  Kampeng  (Siam),  008 

Kapnik  (Hungary),  302,  45<l,  453.  454 

Kappatgode  (India),  575 

Kappel  (Austria),  445 

Kapunda  Mine  (Australia),  091,  (i90 

Karczovska  (Poland),  553 

Karnul  (India),  577,  581,  589,  592 

Karysto  ((ireece),  490,  491 

Kashmir  (India).  570 

Katongo  (Africa),  722 

Kattywar  (Bombay),  574 

Kawart  (Russia),  549 

Kawau  (New  Zealand),  718 

Kazan  (Russia),  548 

Kea  (CoruM-all),  213 

Kedah  (Malaysia),  598,  (iOl 

Kef-Oum-Theboul  (Algeria),  724 

Kehl  (Rhine),  380 

Kelantan  (Malaysia),  598,  604 

Kelchalpe  (Tyrol),  440,  444,  445 

Keld  Heads  (Yorkshire),  282 

Kellerberg  (Palatinate),  383 

Kellvvasserthal  (Harz),  385 

Kelmisberg  (Belgium),  359 

Kemp's  Lode  (St.  Ives  Consols),  208 

Kenned}-  Mine  (California),  748,  749 

(Queensland),  081 
Kennesome  Hill  (Somerset).  241 
Kentucky  (U.S.A.),  177,  325 
Kenwyn  (Cornwall),  213 
Keonjhar  (Orissa),  572 
Kernai  (Malaysia),  602 
Kessendere  (Turkej'),  559 
Kessler  Cave  Mines  (Utah),  177 
Keswick,  113,  190,  279 
Keweenaw  Pt.  (Lake  Superior),  185,  180, 

807 
Khasi  Hills  (As.saiii),  595 
Kliazezas  (Algeria),  723 
Khetri  Mines  (India),  588 
Kiadabek  (Russia),  550 
Kielce  (Poland),  552 


Kildonan  Diggings,  the   (Scotlaml),  518, 

519 
Kimberley  (Australia),  699,  701 
King  River  (Tasmania  ,  705 
Kingower  (Victoria),  030 
Kingsgate  Mine  (N.S.W. ),  671 
Kingston  (Idaho),  805 
Kint  (Turin),  403 

Kinzig  Valley  (Black- Forest),  379,  380 
Kirghese  Region  (Russia),  540,  544 
Kirk  Michael  Mine  (Isle  of  Man).  3<i5 
Kirkcudljrightshire,  321 
Kissingen  (Germany),  137 
Kit  Hill  (Cornwall)'.  227 
Kitzbricht  (Tyrol).  440 
Kitzbiihel  (Tyrol),  441 »,  444,  445 
Klamath  River  (California),  24,  27 
Klausen  (Tyrol),  441,  442 
Kleingau  (Erzebirge),  381 
Kleinkogel  (Tyrol),  441,  442 
Klerksdorp  (Transvaal),  733,  738,  739 
Klienvoigtsberg  (Erzgebirge),  411 
Klodeberg  Mine  (Norway),  529 
Knockboy  (Ireland),  310 
Knockmahon  (Ireland),  87,  316 
Knysna  (Cape  of  Good  Hope),  728 
Kiinigin   Charlotte  ^line   (Burgstiidter), 

389 
Kiinigsberg  (Palatinate),  382 
Konigsberg,  The  (Raibl),  440 
Kolar  (Mysore),  568,  570 
Komati  (Transvaal),  739 
Kongens  Mine  (Norway),  521 — 525 
Kongsberg  (Norway),  H2,  148, 149,  519— 

528 
Kootenay  (Britisli  Columbia),  856,  858 
Kopparberg  (Sweilen),  538 
Korea  (China),  619 
Kra  (Siajii),  598,  607 
Kragsgruben  (Norway),  521 
Kremnitz  (Hungary),  362,  450 — 453 
Kreuth  (Austria),  445 
Kreuzberg  Mine  (Nagybanya),  453 
Krivoi-Rog  (Russia),  551 
Kroner  Mine  (Freiberg),  411 
Krokenstein  (Harz),  404 
Kromdrai  (\A"itwatersrand),  734 
Krux  Mines  (Sclimiedefeld),  400 
Kuantan  (Malaysia),  601 
Kvilu  (Punjab),  579 
Kumaun  (India),  584,  594 
Kunda  Mountains  (India),  503 
Kunilla  Mine  (Australia),  092 
Kupferberg  (Silesia).  421 
Kupferplatte  (Tyrol),  444,  445 
Ku-shan-tzu  Mines  (China),  018 
Kutais  (Russia),  550 
Kuttenberg  (Bohemia),  434 
Kwei-Chan  (China),  019 
Kwirile  River  (Russia),  55i» 


L.\Bo  (Philippine  Islands),  013 
Labrador,  26 
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La  Brousse  (Pontgil)au(l).  888,  83!t 

Lachlan  (N.S.W. ),  (US,  0.52 

La  Concepcion  Mine  (Mexico),  86-4 

Lacroix-aux-niines  (Vosges),  334,  33.i 

Lada  (Astiirias),  oO-k 

Ladak  (India),  o61 

Ladoga,  Lake  (Finland),  o.>.> 

Lady  Alice  Mine  (Para  Wiira),  (589—691. 

La  Ganlette  (Isere).  32(i 

Lagunazo  (.Spain),  184,  .")(l2 

Lake  Co.  (California),  793 

(Colorado),  771,  779 
Lake  Superior  Mine  (Man^uette).  824 
Lakhinipur  (Assam),  570 
La  Luz  (Mexico),  863 
La  Motte  Mine  (Missouri),  798,  828 
Lamplough  (^laryl)orougli),  623,  624 
Lanark,  317,  32L  323 
Lancashire,  251 

Lancaster  Co.  (South  Carolina),  788 
Landsberg  (Palatinate),  383 
Land's  End  (Cornwall),  203,  2(t6 
Landu  (Singbhuni),  582 
La  Nestosa  (Spain),  497 
Langaagte  Royal  Mine  (Transvaal),  18 
La,ngVianhytta  (Sweden),  536 
Langdon's  Reef  (N.  Zealand),  719 
Langenau  (Erzgebirge),  408,  414 
Lanivet  (Cornwall),  217 
Lanlivery  (Cornwall),  217 
Lanreath  (Cornwall),  223,  224 
Lansell's  Mine  (Bendigo),  644 
Lauzani  Mine  (Beruamo).  466 
La  Paz  (Bolivia),  880,  881 
La  Pena  (Astiirias),  504 
Lara  (Guiana),  887 
Larcinaz  Mine  (Aosta  Vallev),  479 
Las  Cabesses  (St.  Girons),  348.  349 
Last  Chance  Mine  (Utah),  760 
Latrobe  River  (Victoria),  647 
Laul>liiitter  Mines  (Harz),  38(i 
Lauriuni  (Greece).  483 — 492 
Lautenthal  (Harz),  385—387,  394,  395 
La  Voiilte  (France),  328 
Lawrence  Co.  (Dakota),  780 
Laxev  (Isle  of  Man).  304—3116 
Leadiiills  (Lanarks.),  321—322 
Leadville  (Colorado),   134,   135,  162,  771 

— 775 
Lebanon  Co.  (Pa.),  819,  82(1 
Le  Cascine  (Liguria),  472 
Leeds  (Canada),  831,  839 
Le  Fabbriche  Mine  (Elba),  48) 
Lefroy  gold-tields  (Tasmania),  703,  704 
Legeh  (Malaysia),  6(J5 
Lehrlmch  (Harz),  404 
Leicestershire,  66,  257,  263 
Lelant  (Cornwall),  2(16 
Lemberg  (Palatinate),  382,  383 
Lemeneigh  (Ireland),  315 
Lena  Vallej-  (Siberia),  544 
Leon  (Spain),  .505 
Leopold  ]\Iine  (Kinzig  Vallev),  38(1 
Lerderderg  River  (Ballarat)^  (521,  647 


Les  Avenieres  (Gard),  343 

Les  Bormettes  (Var).  351 

Les  Malines  (Clard),  343 

Levant  (Cornwall),  205,  206 

Liberty  (Maryland),  812 

Libiola  (Liguiia),  472 

Licony  Mine  (Cogne),  479 

Lidgate  (Yorkshire),  2.54 

Lidshesi  (Turkey),  558 

Liege,  362 

Lienne  Valley  (Liege),  354 

Lightning  Creek  (Br.  Cohnabia),  855,  8.56 

Liguria  (Genoa),  472,  478 

Lillehammer  (Norway),  .527 

Lima  Mine  (Sevilla),  510 

Limbourg  (Belgium),  362 

Linai'es  (Spain),  494.  495 

Lincolnshire,  257 — 26i>,  263 

Lindal  Moor  (Lancashire),  249 — 251 

Linkinhorne  (Cornwall),  221 

Linlithgow,  323 

Lionsville  (N.S.W.),  (372 

Lipez  (Bolivia),  880 

Lisbon  (Lydenburg),  734 

Lisburne  (Wales),  292 

Liskeard  (Cornwall),  223 

Lisle  gold-lields  (Tasmania),  7<l3,  7il4 

Lithgow  (N.S.W.),  669 

Little  Bay  (Newfoundland),  860—8(52 

Little  Bounds  Mines  (Cornwall),  205 

Llanbedr  (Wales),  296 

Llanbrynmair  (Wales).  289 

Llancynfelyn  (Wales),  288 

Llanfair  Clydogau  (Wales),  288 

Llang\ninod  (Wales),  289 

Llanidloes  (Wales),  289 

Llantrissant  (Wales),  287 

Llwyn  Malys  (Wales),  288 

Liifas  (Sweden),  531,  532 

Loliai'daga  (India),  577 

Ldkkens  (Norway),  524 

Lombardy,  468,  469,  478,  479 

Londonderry  (Ireland),  310 

Londonderry  (Nova  Scotia),  851 

Longinynd  Range  (Shropshire),  263,  265 

Longwey  (France),  328 

Loos  Mine  (Falun),  535 

Lorenz  Mine  (Rehhiil)el),  418 

Lorraine.  353 

Lostwithiel  (Cornwall),  217,  218,  228 

Lough  Neagh  (Ireland),  316 

Low  Moor  (Yorkshire),  253 

Lozere  (France),  340 

Lucky  Valley   gold-fields    ((.Queensland), 

682 
Luganure  (Ireland),  310 
Luled-Lappmark  (Sweden),  537 
Lumpsey  Mines  (Cleveland),  2(52 
Luxembourg,  353,  426,  427 
Luxulyan  (Cornwall),  217 
Luzon  (Philippine  Islands),  612 — 614 
Lydenburg   (Transvaal),    7.34,    735,   738, 

"739 
Lyme  Regis  (Dorset),  45 
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Macclesfield  (Clieshire),  2(16 
Mac-mac  (Lydenburg),  734 
Madras,  562,  577,  581,  589—592 
Madrid,  498 
Madura  (Madras),  591 
Madvy  (Canada),  834 
Magdalena  River  (Colombia),  889 
Maguire  Mine  (Brazil),  871 
Magurka  (Hungary),  454 
Mahanadi  River  (India),  578 
Maine  (U.S.A.)  802,  811 
Malabar  (India),  562,  563,  590 
Malacalzetta  (Sardinia),  467,  468 
Malaga  (Spain),  505,  509 
Malaka  (Malaysia),  27,  598,  599,  603 
Malay  Archipelago,  608 — 612 
Malaysia,  28,  33—35,  588,  597—607 

Statistics,  602,  604,  607 

Gold,  597,  603—606 

Iron,  597,  605 

Lead,  606 

Silver,  597 

Tin,  597—603,  607 
Maldonn  (Victoria),  138,  644 
Maltidano  (Sardinia),  469,  470 
Malmani  (Transvaal),  738,  739 
Mamljulao  (Philippine  Is.),  612,  613 
Mammoth  Cave  (Kentucky),  177 
Mana  (Guiana),  887 
]\Ianbhum   (India),    572,    573,  577,    589, 

594 
Mangphu  (Darjiling),  587 
Mannheim  (Rhine),  380 
Manor  House  \'ein  (Alston),  245,  246 
Mansfeld  [xae  ^Mansfield) 
Mansfield   (Erzgebirge),    52,    132,    395— 

405 
Manzanillo  (Cuba),  891 
Maranhao  (Brazil),  872 
Marazion  (Cornwall),  209 
Marbella  (INIalaga),  509 
Marchovelelte  (Belgium),  352 
Marcupam  (Mysore),  568 
^larganei  Reigraxius  Mine  (Sardinia),  467 
Marie  Mines  (Miechowitz),  424 
Marienberg  (Erzgebirge),   408,   416,  417 
Mariner's  Reef  (Maryborough),  638,  639 
Mariposa  Co.  (California),  747,  750 
Marke  Valley  (Cornwall),  221,  222 
Marmora  (Ontario),  833,  847 
Marquette  Range  (Michigan),  824 
Martesberg  (Erzgebirge),  417 
ilartin  (Lancashire),  249 
Maryborough    (Victoria),   620,  623,  6:^0, 

638,  641,  644,  645 
Maryland  (U.S.A.),  812,  828 
Mary  Tavy  (Devon),  235 
Mashonaland,  739 
Massachusetts  (U.S.A.),  826,  827 
Matabeleland,  739 
Matamoros  (Bil))ao),  506,  507 
Matheson's  Reef  (Mysore),  570 
Matta  Mine  (Australia),  692 
Matto  Grosso  (Brazil),  872 


Matzenkupfel  (Tyrol),  441,  442 
Maughold  Head  (Ramsey),  305 
Maulmain  (Burma),  595 
Maurizi  ]\Iine  (Hengstererben),  438 
Mawddach  Valley  (Wales),  295 
Mazenay  (Saone-et-Loire),  328 
McNab  (Canada),  847 
Mclnlay  River  (Australia),  698 
Mechernich  (Diiren),  368 
Mediterranean,  the,  132 
Meggen  (Germany),  378 
Meinerzhagener  Bleiberg  Mine,  370 
Meisenberg  (Harz),  391 
Meissen  (Erzgebirge),  384,  408 
Melbourne  (Canada),  831,  839 
Melones  Creek  (California),  21 
Mendip  Hills,  113 
Menheniot  (Cornwall),  223—225 
Menominee  Range  (Lake  Superior),  824, 

825 
Merionethshire,  292—297 
Mertola  (Portugal),  514,  517 
Mesabi  Range  (Lake  Superior),  47,  825 
Meurthe-et-Moselle  (France),  327 
Mexico,  862 — 867 
Miask  (Russia),  542,  545,  546 
Michigamme  Mine  (Lake  Superior),  824 
Michigan  (U.S.A.),'  785,   790,   791,  806, 

824,  826,  827 
Michipicoten  (Lake  Superior),  838,  844 
Middleburg  (Transvaal),  739 
Middleton  (Canada),  848 
Midlands,  The  (England),  260 
Midnapur  (Bengal),  572 
Miechowitz  (Silesia),  424 
Miednoroudiansk  (Russia),  547,  548 
Miedziana-Gora  (Poland),  552 
Mieres  (Asturias),  503,  504 
Mies  (Bohemia),  430,  435,  445 
Milan,  462,  465,  466,  469 
Milhau  (France),  343 
^lillchester  (Queensland),  675 
Mill  Close  :Mine  (Derby),  283 
:\Iilo  ((4reece),  490,  491 
Mina  del  Diablo  (^lexico),  867 
Minas  Geraes  (Brazil),  868,  869,  872 
Minconstans  Mine  (Ariege),  348 
Mindanao  (Philippine  Is.),  612 — 614 
Mindoro  (Philippine  Islands),  612,  614 
Mine  La  Motte  (Missouri),  798,  828 
Minera  INIine  (Wales),  297—299 
Mineral  Hill  (Maryland),  812 
Mingan  (Labrador),  26 
Minho  (Portugal),  516 
Minkas  Mine  (Falun),  534 
Mioche  (Pontgibaud),  338 
Mission  Creek  (British  Columbia),  857, 

858 
Missi.ssippi  Valley,  164—167,  796—798 
Missouri  (U.S.AJ,    165,    167,   796,   798, 

801,  821,  828 
Mittagong  (N.S.W.),  669 
Mittelberg  (Thiiringen),  406 
Mittelgrube  Mines  (Freiberg),  415 
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Mitterberg  (Austria),  3tJ7,  439,  -iin 
Moberg  Mine  (Teleiiuu'keii),  ."i^O 
Mohringen  (Black  Forest),  381 
Morsfeld  (Palatinate),  382,  383 
Mosskirch  (Black  Forest),  381 
Moisie  River  (Canada),  26,  847 
Mokelumne  Hill  (California),  745,  747 
Mokta-el-Haddid  (Algeria),  723,  724 
Moland  (Xorwav),  525 
Mold  (Wales),  297 
Mommel  (Thiiringen),  407.  40S 
Monarch  Reef  (Wynaad),  564 
Moncorvo  (Portugal),  510 
Mongolia,  618 

Mono  Countv  (California),  750 — 754 
Montana    (U.S.A.),   7S2.   783,  803—810, 

825 
Monte  Agiido  (Sevilla),  51(t 
Monte  Amiata  (Tuscany),  461,  464 
Monte  Arera  (Milan),  461) 
Monte  Argentario  (Grosseto),  478 
Montebuono  (Tuscany),  465 
Monte  Catini  (Tuscany),  162.  474.  475 
Monte  de  Hierro  (Sevilla),  510,  511 
Monte  Fumacchio  (Tuscany),  476,  477 
Monte  Loreto  (Ligui'ia),  472 
Monte  Xarba  (Sardinia),  464 
Monteponi  (Sardinia),  467,  468 
Monte  Reggio  (Sardinia),  469 
Monte  Rexio  (Sardinia),  470 
Monte  Rosa  (Turin),  462,  463 
Monte vecchio  (Sardinia).  467 
Montgomery  Co.  (Pa.),  785.  814 
Montgomervshire,  287 — 292 
Montour  Ridge  (Pa.),  48 
Montrado  (Borneo).  611 
Montreal  (X.S.W.),  649 
Moodies'  Reef  (Transvaal).  737 
Moonta  Hill  (Australia),  689,  692—694 
^loravicza  (Hungary),  459 
Moresnet  (Belgium)',  359,  360 
Morning  Star  Mine  (Wood's  Point),  635 
Morro  Velho  Mine  (Brazil),  869—871 
Morses  Creek  (Beechworth).  621,  646 
Morso  Alto  (Milan),  466 
Mosquito  Mountains  (Colorado),  771 
Mossman's  Creek  (Queensland),  674,  676 
Mottrain  St.    Andrews   (Cheshire),    266, 

267 
Moulin  de  la  Villeder  (Morbihan),  331 
Mount  (Cornwall),  217 
Mountain  Hut  (Maryborough),  623 
Mount  Albion  Mine  (Herberton),  686 
Mount  Bi.schoft' (Tasmania),  709—711 
Alount  Davidson  (Nevada),  755,  757 
Mount  Housetop  (Tasmania),  711 
Mount  Hvmettus  (Greece),  490 
:Mount  Lyell  (Tasmania),  705,  708,  712 
Mount  Malvern  Mine  (Australia),  696 
Mount    Morgan    Mine    (Rockhampton), 

676—678 
Mount  Ophir  (California),  747 

(Malavsia),  603 
Mount  Parry  (Queen-sland),  680,  681 


Blount  Ram.say  (Tasmania),  711,  712 
Mount's  Bay  (Cornwall).  209 
]Mount  Tyndall  (Colorado),  775 
Mount    Victoria    gold-rields    (Tasmania), 

703,  704 
Mount  Wills  (Victoria),  647 
Mouzaia  (Algeria),  725 
ilovston  (Victoria),  646 
Mucklagh  (Ireland),  311 
Mudgee  (X.S.W.),  648.  652 
Mud  Lake  (XeA\  borough),  847 
Miinsterappel  (Palatinate),  383 
Miinster  Valley  (Black  Forest),  380 
Miisen  (German}-),  376,  377 
Mungapet  (India),  560 
Murchison  (Australia),  699.  701 
Mureia  (Spain),  492—496.  5(I9 
Murrav  River  (Australia),  693 
Mwyn'dy  (Wales).  287 
MynyddysUwyn  (Wales),  286 
Mjsore  (India),  559,  567 — 570 

X'aes  Mine  (Norway),  529 
Xagoltchik  (Russia),  545 
Nagpur  (India),  573,  578 
X'^agyag  (Hungary),  128,  456,  457 
Nagybanya  (Hungarj*),  453,  454 
Namaqualand  (Cape  of  Good  Hope),  726, 

727 
Nanuxr  (Belgium),  362 
Xancv  (Meurthe  et  Moselle),  328 
X^ant-y-Creiau  Mine  (Wales),  290 
X'anzenbach  (Gemnanv),  374 
Xaples,  26,  461,  462  - 
Narbada  River  (Xarsinghpur),  583 
Xarsinghpur  (India),  583,  592 
Xiismark  Mine  (Telemarken),  526 
Nassau,  375,  376 
Xatasquan  (Labrador),  26 
Navalazari'os  (Sevilla),  510 
Negri  Sembilan  (Malaysia),  598,  599,  W>3 
Negros  (Philippine  Islands),  612 
Nellizau  (Bohemia),  430 
Nellore  (Madras),  581 
Nelson  (New  Zealand).  24 

(Canada),  842 
X'enthead  Mines  (Alston), 274,  270,  277 
Nertschinsk  (SiVjeria),  554 
Neudorf  (Harz),  391 
Neue  Helene  Mines  (Scharley),  424 
Neue  Hoffnung  Gottes  Mine  (Freiberg), 

411 
Neuer  Morgenstern  Mine  (Freiberg),  411, 

412 
Neueiunuth  Mine  (Nanzenbach),  374 
Neue-Silberhoflhung    ^Mine    (Schwarzen- 

berg),  420 
Neiisohl  (Hungarv),  450.  455 
Nevada  (U.S.A.),' 21,  116—119,  135,  137. 

142,  177,  750,  754—760,  805,  828 
Neville  Holt  (Leicester),  257 
New  Almaden  (California),  449,  792,  795, 

796 
N'ew  Birmingham  (Texas),  825 
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Newljoroiigh  (Pa.),  S47 

New  Caledonia,  720,  721 

New  Chixm  Consolidated  Mine  (Bendigo), 

156,  157 
New  Cobar  Mine  (N.S.  W.),  601 
New  England,  150 

(N.S.W.)  (i-lS.  052 
Newfoundland,  860,  862 
New  Hampshire  (U.S.A.),  800 
Newiansk  (Russia),  541 
New  Idria  (California),  793,  7!»5 
New  Jersey  (U.S.A.),  799,  80iJ,  S19,  820, 

828 
New  London  (Maryland),  812 
Newlyn  (Cornwall),  214 
New  Mexico  (U.S.A.),  783,  784,  825 
New  River  (Idaho),  768 
New  South  Wales,  24,  98,  648—072 

Statistics,   ()51,   652,  656—662,  609, 
672 

Antimony,  670,  (i72 

Bismuth,  ()71 

Chromium,  671.  672 

Cobalt,  (572 

Copper,  648,  654,  6.58—662,  672 

(iold,  24,  648—654,  658,  672 

Iron,  649,  653,  654,  658,  669—672 

Lead,  653—659,  670,  672 

^Nleicurv,  672 

Nickel,"  672 

Platinum,  671 

Silver,  98,  648,  652—659,  672 

Tin,  648,  650,    654,    658,    662—669, 
672 

Zinc,  655 
Newton  Crommelin  (Ireland),  316 
Newton  St.  Cyres  (Devon),  236 
Newtownards  Mine  (Co.  Down),  310 
New  York  State,  182,  800,  819,  820 
New  Zealand,  24,  27,  713—720 

Cold,  24,  27,  713—718 

Mercury,  719,  720 

Silver,  718,  719 
Nicaragua,  8!)1 

Nicoamen  (British  Columbia),  859 
Nidderdale  (Yorks.),  279 
Nigel  (Transv^aal),  733 
Nikitofka  (Russia),  551 
Nikolajewsk  (Russia),  553 
Nikopol  (Russia),  551 
Nilgiri  Mountains  (India),  562 — 564 
Nimmagee  Mine  (N.S.W. ),  001 
Ninghai  (China),  018 
Nippon  (Japan),  615 
Nissedal  (Norway),  529 
Noonstones  (Alston  Moor),  275 
Norbcrg  (Sweilen),  182 
Nordmark  (Sweden),  530 
Norrland  (Sweden),  538 
North  America  (.see  Amei'ica,  North) 
Northamptonshire,  257,  258,  263 
North  C/ofty  (Cornwall),  201 
North  del  Rey  (Brazil),  871 
North  Roskear  Mine  (Cornwall),  201 


North  Star  Vein  (California),  747 
Northumberland,  124,  244,  278,  279 
Norwav,   37,    148,   149,    182,    184,  518— 
.130 

Statistics,  522,  523,  530 

Arsenic,  528 

Bismuth,  520,  526 

Cobalt,  527—530 

Copper,  519,  521—530 

Cold,  519,  520,  530 

Iron,  37,  182,  521,  523— .530 

Nickel,  527,  530 

Silver,  519—522,  530 

Zinc,  521,  530 
Nossen  (Erzgebirge),  409,  414 
Nottinghamshire,  66 
Nova  Scotia,  38,  48,  54,  151,  154,  849— 

854 
Nundydroog  (India),  570 
Nurunga  (Bengal),  587 
Nussloch  (Black  Forest),  381 
Ny-Solskin  Mine  (R0ros),  .524 

Obergruna  (Erzgebirge),  411 

Obermoschel  (Palatinate),  383 

Oberon  (N.S.W.),  671 

Cdemira  (Portugal),  517 

()ederan  (Erzgebirge),  408,  409,  414 

Orebro  (Sweden),  538 

Oestergutland  (Sweden),  537 

Offenbanya  (Hungarv),  164,  450,  457 

Ofienburg  (Black  Forest),  378 

Ohio  (U.S.A.),  825 

Okehampton  (Devon),  235 

Okka  (Turkey),  558 

Olah-Lapos-Banya  (Hungary),  453,  454 

Old  Bed  Mines  (New  York),  182,  819 

Old  Carr's  Cross  Vein  (Alston),  274 

Old  Dominion  Mine  (Arizona),  810 

Olette  (Pvrenees),  329 

Olkusz  (Poland),  552 

Ollomont  (Turin),  471 

Olonetz  (Russia),  540 

Olpe  (Rhine),  364 

Omilianoff  Mine  (Finland),  555 

Omineca  (British  Columbia),  856 

Ontario  (Canada),  833,  844 

Ontario  Mine  (Utah),  760,  762 

Ontonagon  (Lake  Superior),  807 

Ookiepe  (Namaqualand),  727 

Ooregaum  (see  Uurigam) 

Ophir  Hill  (Lydenburg),  734 

Ophir  Mountain  (.see  Gunong  Ledang) 

Ophir  Ravine  (Nevada),  756 

Oporto  (Portugal),  514 

Oran  (Algeria),  723 — 725 

Orange  Co.  (Vermont),  817 

Oravicza  (Hungary),  459 

Oregon  (U.S.A.),  26,  769,  791 

Ore  Knob  Mine  (North   Carolina),   813, 

814 
Orenburg  (Russia),  544,  548 
Orense  (Spain),  505 
Orissa  (India),  561,  572,  592 
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Oro  Citv  (Colorado),  772 

Oruio  (Bolivia),  880,  881 

Oscar  Mine  (Norway),  519 

Osceola  Mine  (Lake  Superior),  183 

Ossetie  (Russia),  550 

Otago  (New  Zealand),  713—717 

Oued  Merdja  (Algeria),  725 

(Jula-Outasse-Taou    Mountain    (Russia), 

549 
Ouli  River  (Orissa),  561 
Oundle  (Northamijton),  260 
Ouray  Co.  (Colorado),  163,  779 
Ovens  River  (Beecliworth),  621 
<^verberg  (Norway),  521 
Overton  (Northampton),  261 
O  vie  do  (Spain),  505 
Ovoca  (Ireland),  306—309,  312 
Owyhee  (Idaho),  768 
Oxfordshire,  257,  263 
Oj'estad  (Norway),  528 

Pachuca  (Mexico),  864 
Pago  Mine  (Portugal),  517 
Pahang  (Malaysia),  597 — 606 
Pajsberg  (Sweden),  536 
Palamoro  (Bengal),  594 
Palatinate,  The,  382,  383 
Palhal  (Portugal),  514 
Pal  Lahara  (Orissa),  572 
Palnad  (India),  577 
Panav  (Philippine  Islands),  614 
Panulcillo  (Chili),  876,  877 
Paracale  (Philippine  Islands),  613 
Paraiio  (Brazil),  872 
Para  Wirra  gold-tield  (Australia),  689 
Parbola  (Cornwall),  210 
Paredes  (Portugal),  514 
Paris  (Maine),  803 
Paris  Mine  (Alaska),  770 
Park  Citv  (Utah),  760 
Parkgate"  ( Yorks. ),  254—256 
[       Park  of  Mines  (Cornwall),  215—217 
Parkside  (Furness),  176,  247,  248 
Paros  (Greece),  483 
Par  re  (Bergamo),  "168 
Par  Valley  (Cornwall),  29 
Pary  Mine  (Brazil),  871 
Parys  Mountain  (Anglesea),  300,  301 
Pasco  (Peru),  883 
Pas-ageni  (Brazil),  871 
Pastroptot  (Guiana),  887 
Patagonia  (South  America),  890 
Patani  (Malaysia),  598,  601,  605,  606 
Pately  Bridge  (Vorks.),  282 
Peak  Downs  (Queensland),  673,  680 
Pechiburi  (Siam),  607 
Peel  and  Uralla  district  (N.S.W.),  648, 

652 
Pegu  (India),  576,  595 
Peloponnesus,  the,  483,  484 
Pelugano  (Asturias),  504 
Pembroke  (Cornwall),  217 
Penang  (Malaysia),  598—601,  606 
Pender  Park  (Derbj-shire),  254 


Penjom  (Malaysia),  6U4 

Pemiance  (Cornwall),  215 

Pennsylvania   (U.S.A.).    796.    801,    814, 

819,  820,  825,  828,  846 
Penrith  (Somerset),  245 
Pentewan  (Cornwall).  29,  219 
Penybontpren  Mine  ( Wales  i.  liSS 
Perachora  (Corintli),  491 
Perak  (Malavsia),  597— 6(t0 
Perda  Niedda  (Sarilinia),  480 
Perdasterria  (Sardinia),  480 
Perda  San  Oliu  (Sardinia),  464 
Perm  (Russia),  544.  546,  548 
Perran  (Cornwall),  240 
Perranzabuloe  (Cornwall),  209,  214 
Peru,  883—885 

Peschiera  Mine  (Pestarena),  463 
Peshastin  (Washington),  769 
Peshawur  (Punjab),  575 
Pestarena  (Turin),  462,  463 
Petersberg  (Thiiringen),  4<l5 
Petersthal  (Germany),  137 
Peterwangy  (Australia),  699 
Pfatfenberg  (Harz),  391 

Pfunderrerberg  (Klausen),  442 
Phaunoux    vein    (Saints    Marie    Mines), 
335 

Philippine  Islands,  612 — 614 

Philippsburg  (Rhine),  326,  381 

Philippstadt  (Sweden),  536 

Phillack  (Cornwall),  210 

Phcenix  Mine  (Cornwall),  221,  222 
(Soutli  Carolina),  789 

Phcenix viUe  (Pa.),  796 

Piccalinna  (Sardinia),  467 

Pictou  Co.  (Nova  Scotia),  853,  854 

Piedmont  (Italy),  478 

Pigeon  River  (Canada),  834 

Pike's  Creek  (Queensland),  682,  683 

Pilbarra  (Australia),  699,  701 

Pilgrim's  Creek  (Lydenburg),  734 

Pilot  Knob  Mine  (Missouri),   49,  821— 
823 

Pine  Creek  Reef  (Australia),   690,   695, 
696 

Ping-Chuan-Chas  (China),  618 

Pingtu  (China),  617 

Pinos  Altos  (New  Mexico),  783 

Pioneer  reef  (Transvaal),  737 

Pisogne  (Lombardy),  480 

Pitkiiranta  (Finland),  555,  556 

Pittsburg  (Pa.),  846 

Placer  Co.  (California),  750,  753,  754 

Plancher  les  Mines  (Haute-Saone),  335, 
336 

Planeddu  (Sardinia),  469,  470 

Planu-Sartu  (Sardinia),  469,  470 

Platten  (Bohemia),  419 

Playa  del  Oro  River  (Ecuador),  890 

Pleasant  Creek  (Ararat),  638,  646 

Plymlumon  Range  (Wales),  288,  289 

Pohlberg  (Erzgebirge),  417 

Polma  (Erzgebirge),  131 

Poland,  540,  552,  553 
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Polbenow  (Cornwall),  173,  174.  227 

Polgooth  (Cornwall),  29,  217,  2l8 

Polk  Co.  (Tennessee),  817 

Pontevedi'a  (Spain).  Mo 

Pontgibaud  (Fiance).  336—34(1 

Pontpean  (Renues),  333 

Pontypool  (Wales),  286 

Pornian  (Cartagena),  oU9 

Portalegre  (Portugal),  514 

Port  Augusta  (Australia),  694 

Porth  Caul  (Wales),  287 

Port  Henry  (New  York),  182 

Portlileven  (Cornwall),  215 

Portobello  (New  Zealand),  716 

Porto  Novo  .Steel  and  Iron  Works  (India), 

592 
Port  Phillip  Mine  (Chines),  644 
Portugal,  306,  513—517 
Potaro  (Guiana),  888 
Potchefstroom  (Transvaal),  733,  738,  739 
Potosi  (Bolivia),  880,  881,  886 
Potrillos  (Mexico),  867 
Potzberg  (Palatinate).  382,  383 
Poullaouen  (Finistere),  331,  332 
Pozzone  (Turin),  463 
Praborna  Mine  (Turin),  478 
Pranal  (Pontgibaud),  338,  339 
Pi'etoria  (Transvaal),  739 
Prince  of  Wales  mine  (Wales),  292,  294 
Privas  (Ardeche),  328 
Promontorios  (Mexico),  865 
Prospect  Mountain  (Nevada),  759 
Prussia,  428 

Przibrani  (Bohemia),  138,  139,  430—434 
Pulai  (Malaysia),  604 
Punjab,  the,  575,  579 — 584,  593 
Punta  Arenas  (South  America),  890 
Puy-de-D6me  (France),  336,  339 
Puv-de-Louchadiere  (France),  336 
Pyriac  (Brittany),  331 
Pylon  (Sain  Bel),  346 
Pyrenees,  the,  325,  329,  347—349 

QuADRAMii.  (Portugal),  516 
Quebec  (Canada),  833,  838,  844,  847 
Quebra  Panella  (Brazil),  870 
Quechisla  (Bolivia),  882 
Queda  (Malaysia),  597 
Queen  Charlotte's  Island,  858,  859 
Queensberry  (Scotland),  321,  322 
Queensland,  24,  672 — 686 

Statistics,  678—682,  685,  686 

Antimony,  686 

Copper,  673,  680—682.  68(5 

Gold,  672—680 

Lead,  686 

Silver,  686 

Tin,  672,  682—686 
Quevy  (Hainault),  353 
Quincy  Mine  (Lake  Superior),  186,  809 

R.\DXOR  (Canada),  848 

Raibl  (Corinthia),  133,  177,  445,  446 

Raipur  (India),  578,  583 


Rajputana  (India),  574,   576,    579,    583, 

588 
Rakka  (Singbhuin),  582 
Ramberg  (Harz),  384 
Ramgarh  (India),  595 
Ranunelsberg  (Harz),   183,  384,  3S5.  391 

—395 
Ramwell  Craig  (Scotland),  317 
Rancie  (Ariege),  329 
Raniganj  (Bengal),  590,  593 
Rajjosos  (Brazil),  871 
Rajjurapu  (Philippine  Islands),  614 
Ras-el-]SIa  (Algeria),  726 
Rathsweiler  (Palatinate),  382 
Raub  Mines  (Malaysia),  603 
Ravenswood  (Queensland),  686 
Rawalpindi  (Punjab),  575 
Rayas  Mine  (Mexico),  862 
Redcar  (Cleveland),  261 
Redmoor  (Cornwall),  227 
Red  Mountain  (Colorado),  163,  779 
Redruth  (Cornwall),  210,  213,  214 
Reedy  Creek  (Victoria),  646 
Rehhiibel  (Erzgebirge),  418 
Reichenstein  (Silesia),  421 
Reichmannsdorf  (Thiiringen),  405 
Reinsl)erg  (Erzgebirge),  411 
Relampago  (Hiendelaencina),  494 
Rehberg  (Harz),  389 
Relistian  (Cornwall),  86,  210 
Reocin  Mine  (Spain),  498 
Republic  Mine  (Lake  Sup(!rior),  824 
Restormel  (Cornwall),  218,  228 
Restronguet  Creek  (Cornwall),  214 
Rewdinsk  (Russia),  548 
Rezbanya  (Hungarv),  459 
Rheidoi  (Wales),  288,  290 
Rhenish  coal-fields,  44 
Rhine  Provinces,  326,  327,  363—378.  380, 

381 
Rhinog  Mine  (Wales),  296 
Rhodes  Reef  (Wvnaad),  566,  567 
Rhyl  (Wales),  297 
Ribas  Valley  (Spain),  505 
Richtield  (British  Columbia),  856 
Richmond  Consol   Mine  (Nevada),    177, 

759 
Riddersk  (Russia),  553 
Rigaud  (Canada),  848 
Rimouski  Co.  (Canada),  839 
Ringarooma  (Tasmania),  711 
Ringerikes  (Norway),  527 
Ring    and     Silberschnurr    Mine    (Burg- 

stadter),  389 
Rio  (Elba),  480—482 
Rio  Albano  (Elba),  480—482 
Rio  Grande  do  Sul  (Brazil),  872,  873 
Rio  Tinto  (Spain),  41,  42,  184,  498—501, 

515,  517 
Rioja  (Argentine  Republic),  889 
Ripari  Mountain  (Gi'eece),  488 
Rippoldsau  (Geniiany),  137 
Risca  (Wales),  286 
Riso  Valley  (Milan),  469 
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Riviere  du  Louj)  (Canada),  832 

Robinson  Mine  (Transvaal),  59,  60,  732 

Rocas-Xegros  (PjTenees),  329 

Roche  (Cornwall),  217 

Rock  Creek  (British  Columbia),  8.57 

Rockhampton    gold-tields  (Queensland), 

676—078 
Rockingham  Forest  (Northampton),  260 
Rockv   Mountains,    740,   741,    771,   799, 

855 
Rodderup  Fell  (Alston),  245,  274 
Rodez  (France),  343 
Rodna  (Hungary),  163,  457,  458 
Rusenbach  (Germany),  371 
Rome,  462 

Romancchc  (Saone  et  Loire),  347 
Romanus  Mine  (Freiberg),  411 
R0ros  (Norway),  523.  524,  527 
Rosalina  (Sevilla),  5lM 
Rosario  (Chili),  876 
Rosario  Mine  (Honduras),  S91 
Rosedale  Abbe\-  (Cleveland),  262 
Rosenhofer  (Harz),  385 — 388 
Rose  Valley  ( N.  S.  W. ),  665 
Rossbach  (Germany),  374 
Roth  (Gei-many).  374 
Rother    Adler  j  Mine    (Schwarzeuberg), 

420 
Roure  (Pontgibaud),  338,  339 
Roxbury  (Connecticut),  825 
Rudolstadt  (Silesia),  421 
Riinderoth  (Rhine),  364 
Ruette  (Luxembourg),  353 
Ruhr  (Westphalia),  377 
Rumpelsljerg  (Thiiringen),  406 
Russia,  22,  25,  53,  186,  540—558 

Statistics,  543,  544,  557,  558 

Antimony,  558 

Arsenic,  554 

Bismuth,  542 

Cobalt,  540,  548,  550,  555,  558 

Copper,  53,  540,  542,  547 — 558 

Gold,  22,  25,  540—546,  554—558 

Iron,  540,  542,  547 — 558 

Lead,  540,  547,  550 — 558 

Manganese,  540,  548 — 551,  554,  558 

Mercury,  551,  552 

Nickel,  540,  548,  555 

Platinum,   186,  540,  542,  545—547, 
554 — 558 

Silver,  540,  542,  547,  554,  557,  558 

Tin,  540,  555 — 558 

Zinc,  540,  548,  552 — 558 
Rutlandshire,  263 

Saalfeld  (Thiiringen),  402,  405 

Saarbriicken  (Germany),  370,  377,  382 

Sadersdalen  (Norwav),  525 

Sain  Bel  (France),  345,  346 

St.  Agnes  (Cornwall),  109,  213,  214 

St.    Andreasberg  (Harz),   131,  385,  389, 

390,  394,  395 
St.    Arnaud   (Victoria),    138,    623,    624, 

632,  646 


St.  Austell  (Cornwall),  29,  109.  169,  203, 

215,  217,  219 
St.  Avoid  (Saarbriicken),  370 
St.  Blazey  (Cornwall),  217 
Saint-Brieuc  (France),  333 
St.  Cleer  (Cornwall),  221 
St.  Columb  (Cornwall),  215,  219 
St.  Daniel  (Auxelle),  336 
St.  David's  lode  (Clogau),  293,  294 
St.  Denis  (Pontgibaud),  338 

(Cornwall),  217 
Sainte  Genevieve  Co.    (Maryland),    812, 

813 
Sainte-Marie-aux-Mines    (Vosges),    334, 

335 
St.  Erth  (Cornwall),  210 
St.  Ewe  (Cornwall),  217 
St.  Flavian  (Canada),  839,  842 
St.  Francis  River  (Canada),  831 
St.  Francois  Co.  (Missouri),  821 
St.  George  ^Mine  (Schneeberg),  415 
St.  Hilary  (Cornwall),  209 
St.  Ignace  Island  (Lake  Superior),  838 
St.   Ives  (Cornwall),  109,  170,  204—209, 

226 
Saint-.Jean-d'Auxel  (Vosges),  335 
St.  Julieu  de  Valgalques  (Gard),  346 
St.  Just  (Cornwall),  109,  204—206 
Saint  Lai;rent-le-Minier  (Gard),  330 
St.  Lawrence  River,  26,  37,  38 
Saint  Martin  (Pj-renees),  329 
St.  Maurice  (Canada),  848 
St.  Mewan  (Cornwall),  217 
St.  Oven  Mine  (Great  St.  Bernard  Valley), 

479 
St.  Petersburg,  540 
St.  Pinnock  (Cornwall),  223 
St.  Rennv  (Calvados),  329 
St.  Stephens  (Cornwall),  217,  218,  220 
St.  Vailier  (Canada),  848 
Sala  (Sweden)  531,  .332 
Salair  (Russia),  553 
.Salamanca  (Spain),  504 
Salem  (Madras),  589,  591 
Salt  Lake  Co.  (Utah),  760 
Sidzburg  (Austria),  430,  439,  440 
Samara  (Russia),  548 
Sambalpur  (India),  578,  592 
Sambas  (Borneo),  611 
Samosir  (Borneo),  611,  612 
Samson  Lode  (Harz),  390 
Samuelsgliick  !Mines  (Dombro^ka),  424 
San  Bernadino  Co.  (California),  803 
San  Carlos  (California),  793 
San  Carlos  Mine  (Spain),  494 
Sandhurst  (see  Bendigo) 
San  Domingos  (Portugal),  184,  514 — 517 
Sandur  Hills,  The  (India),  577 
Sandy  Creek  (Queensland),  674,  675,  681 
San  Francisco  (California),  27 
San  Francisco  Mine  (Almaden),  502 
Sangerhausen  ([Nlansfeld),  398—403 
San  Jose  Mines  (California),  804 
San  Juan  (South  America),  876,  877,  889 
3  X 
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San  Leone  (Sardinia),  4S(» 

San  Luis  (Argentine  Republic),  889 

San  Lnis  Obispo  Co.  (California),  792 

San  iSIarcello  (Turin),  471 

San  Nicolas  Mine  (Almaden),  5(12 

San  Pietro  (Sardinia),  478 

Santa  Catliarina  (Brazil),  872 

Santa  Cecilia  Mine  (Spain),  494 

Santa  Clara  Co.  (California),  792 

Santa  Cruz  (Bolivia),  880 

Santa  Fe  Co.  (New  Mexico),  784 

Santa  Margarita  (California),  804 

Santander  (Spain),  177,  492,  497,  49S 

Santa  Rosa  (Mexico),  863 

(Peru),  883 
Santorin  (Greece),  490 
Sao  Joao  d'El  Rei  (Brazil),  869 
Sao  Paulo  (Brazil),  872 
Sarawak  (Borneo),  611 
Sarcilone  (Sardinia),  464 
Sardinia,  461—471,  477—480 
Saropansk  (Russia),  550 
Saskatchewan  Valley  (N.W.   Territory'), 

858 
Saucon  Valley  (Pa.),  801 
Saviore  (Lombardy),  479 
Savoie  (France),  330 
Sawatch  Mountains  (Colorado),  771 
Saxony,  33,  169—171,  408—421 
Scalpi"(Peru),  884 
Scandinavia,  181 — 183,  518 
Sclialkau  (Thiiringen),  405 
Schapbach  (Germany),  102—104,  130,  380 
Scharlev  (Silesia),  421,  424,  553 
Schattberg  (Tyrol),  444,  445 
Schemnitz   (Hungary),    131,    362,    450— 

452 
Sclilackenwald  (Erzgebirge),  437,  438 
Schlangenberg  (Russia),  553 
Schmiedeberg  (Silesia),  421 
Schmiedefeld  (Thiiringen),  406 
SchniuUnitz  (Hungary),  362,  450,  455 
Schneeberg  (Erzgebirge),    131,   132,  408, 
415,  416 

(Tyrol),  440,  443 
Schcineberg  (Siegen),  377 
Schonfeld  (Erzgebirge),  437,  438 
Schiambei'g  (Black  Forest),  378 
Sc]udenl)erg  (Harz),  133,  385,  387,  389 
Scluderthal  (Harz),  385 
Schwabengriibe  (Miisen),  377 
Schwarzenbach  (Austria),  445 
Schwarzenbei-g  (Erzgebirge),  417,  420 
SchwarzenVirunn  (Thiiringen),  405 
Schwaz  (Tyrol),  440—442 
Scotland,  44,  252,  317—325 

Statistics,  322,  324 

Copper,  321 

(iold,  318—321 

Iron,  319—324 

Lead,  321,  322 

Nickel,  321,  322 

Silver,  321,  322 

Zinc,  322 


Scrubby  Creek  (see  Dry  Creek) 

Scunthorpe  (Lincoln),  260 

Segen-Gottes  Mine  (Freiberg),  411 

Segre  (Maine  and  Loire),  329 

Sekran  (Balochistan),  579 

Selangor  (Malaysia),  34,  598—601 

Sellheini  River  Field  (Queensland),  686 

Semipalatinsk  (Siberia),  544 

Semsa  (Algeria),  725 

Senjen  Mine  (Norway),  527 

Sentein  (Ariege),  347,  348 

Seripho  (Greece),  491 

Servia  (Hungary),  459 

Sesia  Valley  (Turin),  463 

Severn  Valley,  the,  289 

Sevilla  (Spain),  509,  510 

Shan  States  (India),  576 

Shantung  (China),  617,  618 

Sharp  Tor  (Cornwall),  221 

Shasta  Co.  (California),  741 

Shawangunk  Mountain  (New  York),  800 

Sheba  Mine  (Transvaal),  735 — 737 

Shelburne  Mine  (New  Hants.),  800 

Shelve  (Shropshire),  263 

Sherbrooke  (Canada),  831    847,  849 

Shetland  (Scotland),  322 

Shikoku  (Japan),  615 

Shilbottle  Colliery,  The,  124 

Shimoga  (Mysore),  568 

Shropshire,  94,  252,  263—266 

Shuniah  Mine  (Lake  Superior),  835 

Shuswap  Lake  (British  Columbia),  859 

Siak  (Sumatra),  610 

Siam,  33,  607,  608 

Siberia,  543 — 545,  555 

Sibsagar  (Assam),  576 

Sibuyan  (Philippine  Island),  614 

Siebenlehn  (Erzgebirge),  411 

Siegburg  (Siegen),  364 

Siegen  (Germany),  364,  376,  377 

Siele  (Tuscany),  465 

Sierra  Almagrei-a  (Spain),  494,  496,  509 

Sierra  de  Bedar  (Spain),  509 

Sierra  de  Cartagena  (Spain),  495,  496 

Sierra  Morena  (Spain),  495 

Sierra  Nevada  (California),  20,  741 — 746 

Sievierz  (Poland),  553? 

Sil  River  (Spain),  493 

Silbernaaler  (Harz),  385,  386,  394,  395 

Silent  Grove  (N.S.W.),  671 

Silesia,  421—426 

Silver  City  (New  Mexico),  783,  784 

Silverfield  (Queensland),  686 

Silver  Islet  (Lake  Superior),  835 — 838 

Silver  Spur  Mine  (Stanthorpe),  686 

Similkameen  River  (British  Columbia), 

857,  858 
Simlapal  (India),  573 
Singapore  (Malaysia),  598,  599,  603,  606 
Singhbhum  (India),  573,  581,  594 
Simla  (Punjab),  579,  580 
Singkep  (Sumatra),  61(i 
Siphanto  (Greece),  490 
Sira  (India),  584,  585 
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Siranowsk  (Russia),  5.53 

.Sir  John  Mine,  the    (Xoithum})erland). 

275 
Sirmur  (Punjab),  579,  580 
Sithney  (Coinwall),  209,  21(i 
Sitsimadana  (Rnssia),  549 
Skippers  Creek  (New  Zealand),  715 
Skull  Reef  (Wpiaad),  563 
Skuternd  (Norway),  527,  52S 
Skvros  (Greece),  484.  491 
Slat  oust  (Russia),  547 
Slawkow  (Poland),  553 
Smaland  (Sweden),  536,  537 
Smitter  Gill  (Cumberland),  275 
Smythesdale  (Ballarat),  621 
Snailbeach  :Mine  (Shelve),  94,  265,  -JlMj 
Snarum  (Norway),  527 
Snowdonian  System,  the  (Wales),  292 
Socorro  Co.  (New  Mexico),  784 
Somerset  (Canada),  842 
Somersetshlie.  113,  240.  241.  263 
Somorrostio  (Bilbao),  506,  507  . 

Sonapet  (India),  574 
ScSndfjord  (Norway),  524 
Sondhprdland  (Norway),  524 
Sonnenberg  (Harz),  389 
Sonora  (California),  745,  804 

(Mexico),  865 
Sontal  Parganas  (India),  577 
Sophie  Mine  (Wittich).  379 
Sotto  Cavallo  Mine  (Conio),  46(> 
Sonmal  (Algeria),  723 
Somxieux  (Sain  Bel),  346 
South  America  (see  America.  South) 
South  Australia  (see  Australia,  South) 
South  Phienix  Mine  (Cornwall),  222 
South  Star  :Mine  (Ballarat),  644 
Soyons  (Ardeche),  347 
Sp'iitenthaler  (Harz),  387 
Spain.  40,    41,    175,    183.    184.    229,   306, 
449.  492—512 

Statistics,  495,  501,  506,  508,  512 

Antimony,  505,  512 

Arsenic,  5<X),  504,  512 

Cobalt,  512 

Copper,  492,  495—501,  510,  512 

Gold,  493,  501,  512 

Iron.    40,    41,    229.    3(i0.    492—499, 
502—512 

Lead,  492—498,  512 

Manganese,  511,  512 

Mercury,  449,  492,  502—504,  512 

Nickel,'512 

Silver,  493—497.  501.  512 

Tin,  504,  505,  512 

Zinc,  175,  492,  496—498,  512 
Spar  Island  ( Lake  Superior),  838 
Spektakel  (Namaqualand),  727 
Spessart  (Germany),  131 
Spiegelthal  (Harz),  385,  387 
Spitzkop  (Lydenburg),  734 
Springfield  ^line  (Maryland),  812 
Stabioli  (Turin),  463 
Staffordshire.  44.  252 


Stahlberg  (Miisen),  376,  377,  407,  408 
Stamm-Assen-Fundgrube  Mine  (Johaim- 

georgenstadt),  418 
Stanb ridge  (Canada),  848 
Standard  Lode  (St.  Ives),  17i'.  2ii7,  2m^ 

Lodes  (California).  752,  753 
Stanhope  Bum  (Weardale).  245 
Stank  (Fumess),  249,  250 
Stanthorpe  (Queen.sland),  686 

(N.S.W.),  664 
Star  River  (Queensland),  674,  681 
Stavanger  (Norway),  525 
Sta\eley  (Derbyshire),  254,  255 
Stawelf  (Victoria),  644 
Stazzema  (Italy),  464 
Steamboat   Springs   (Nevada),   ll(i — 119. 

135.  137,  142 
Steeple  Aston  (Oxfordshire),  257 
Steiglitz  (Ballarat),  621,  647 
Steinach  (Thiii'ingen),  4<i6 
Stenn  (Erzgebirge),  42<t 
StennagwJ^l  (Cornwall).  218 
Stilles-Gliick  Mine  (Jauer),  425 
Stirling  (New  Jersey),  800,  819 
Stobie  (Canada),  84.j 
Stockhausen  (Germany),  376 
Stokach  (Germany),  381 
Stolarzowitz  (Silesia),  424 
Storch  (Siegen),  377 
Stordden  (Norway),  524 
Storvarts  Mine  (Rdros),  523 — 525 
Stowes  (Cornwall),  222 
Straits  Settlements,  598 
Strasburg  (Rhme),  326 
Strathalbyn  (Australia),  694—696 
Strathbogie,  North  (N.S.W.),  668 
Stringers  Creek  (Gippsland).  644.  647 
Stromsheien  (Norway),  525 
Strontian  (Argyllshire),  321,  322 
Styria  (Austria'),  430,  44.5—447 
Sudbury  (Canada),  183,  834,  844—846 
Suerte  Mine  (Hiendelaencina),  494 
Suisgill  (Scotland),  318—320 
Sullivan  Co.  (New  York),  80<;t 
Sulphur  Bank,  the  (California  I.  115,  135. 

142,  793—795 
Sulphur  Springs  (Colu.sa  Co. ),  137 
Sulzburg  (Black  Forest),  380 
Sumatra,  35,  60S,  610 
Sununit  Co.  (Colorado),  779 
Simbury  (Victoria),  647 
Sungei  Cjong  (Malaysia),  .597 — 599 
Sunium  Mine  (Greece),  490 
Superior,  Lake,  46,  124,   161.   185,  186 

806,  823,  834,  835,  838,  839 
Surigao  (Philippine  Islands),  613 
Surlatte  (Vosges),  335 
Surtur  (India),  575 
Sussex  (England),  37,  260 
Sussex  Co.  (New  .Jersey),  8<X»,  820 
Sutherlandshire,  318,  .32(1,  321 
Sutro  Tunnel,  the,  757 ' 
Sutton  (Canada),  839,  847 
Svenningdals  Mine  (Vefsen),  522 
o  y  •_' 
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Swaledale   (Yorkshire),     111,    113,    277, 

279,  281 
Swallow  Wood  (Yorkshire),  254 
Swanpool  (Cornwall),  21o 
Swansea  Mine  (Maryland),  813 
Swaziland  (Africa),  738,  739 
Sweden,  37,  39,  46,  181,  182,  421,  .i30— 
.■J39 

Statistics,  538,  539 

Arsenic,  535,  537 

Cobalt,  535,  539 

Copper,  533 — 535,  539 

Gold.  531,  534,  539 

Iron,  37,  39,  4B,  531—539 

Lead,  531—535,  539 

Nickel,  535,  539 

Silver,  531—535,  537,  539 

Zinc,  532—535,  539 
Sweetwater  Co.  (Wyoming),  784 
Switzerland  Mine  (Utah),  760 

Taberg  (Sweden),  536 

Table  Mountain  (California),  22,  745 

Tacquah  (Gold  Coast),  729,  730 

Taguilsk  (Russia),  25,  545 — 547 

Takou  (Alaska),  769 

Talargoch  (Wales),  285,  297 

Talavera  (Spain),  493 

Talchir  (Orissa),  561,  572 

Talisker  Mine  (South  Australia),  696 

Tal-y-Bont  (Wales),  288 

Tamar,  River  (Devon.),  233,  226 

Silver  Lead  Mine,  236 
Tamarack  Mine  (Lake  Superior),  809 
Tamaya  (Chili),  876 
Tambarooi'a  and  Turon  disti'ict  (N.  S.  W. ), 

648, 652 
Tambillos  (Chili),  877 
Tana  River  (Norway),  519 
Taniyama  Mine  (Japan),  615 
Tankersley  (Yorkshire),  254,  255 
Tanyard  Mine  (South  Carolina),  786 
Tapu  Creek  (New  Zealand),  716 
Tai-adale  (Victoria),  637 
Taranaki  (New  Zealand),  26 
Tarija  (Bolivia),  880 
Tarnowitz  (Silesia),  421 — 424 
Tarn  Valley  (France),  343 
Tasmania,  703 — 713 

Statistics,  704,  705,  708,  712,  713 

Copper,  708,  709,  713 

Gold,  703—705,  713 

Silver,  705-708,  713 

Tin,  709—713 
Tatatila  (Mexico),  864 
Tate  Creek  (Queensland),  685 
Taunus,  the,  132 
Tavistock  (Devon),  109,  233,  235 
Tavojf  (Burma),  595 
Tchatach  (Russia),  550 
Tees,  the  (Durham),  111,  113,  271 
Teesdale  (Alston),  111,  271,  277 
Teifi  Pools,  the  (Wales),  289 
Teign,  River  (Devon.),  236 


Telemarken  (Norway),  595,  526 
Telemlji  River  (Colombia),  889 
Teluban  River  (Malaysia),  601,  604.  605 
Tenasserim  (India).  576,   580,  587.  588, 

595 
Tenda  Mine,  the  (Cuneo),  465 
Tennessee  (U.S.A.),  814—817,  825 
Ten 3'  Cape  (Nova  Scotia),  854 
Ten  Y'ung  Slianga  (China),  618 
Ternuav  (Haute-Saone).  335 
Terranera  (Elbe).  480-482 
Texas  (U.S.A.),  811,  825,  827 
Thackeringa  (N.S.W.),  658 
Thames  gold-fields  (New  Zealand),  713, 

716—718 
Tharsis  (Spain),  184.  498.  5(iL  5n2.  515. 

517 
Thessaly  (Greece),  491 
Theta  Reef  (Lydenbui'g),  734 
Thingadhaw  (Burma),  576 
Thompson  River  (€4ippsland),  647 

(British  Columbia).  857,  859 
Thorncliffe  (Yorkshire),  254 
Thiiringen  (Germany),  405 — 4(iS 
Thunder  Bav  (Canada),  834.  835 
Ticino  River  (Italv),  463 
Tiefthal  (Mansfeld),  396 
Tierra  del  Fuego  (South  America j,  89i» 
Tiflis  (Russia),  550 
Tigronev  (Ireland),  307—309 
Tilkerode  (Harz),  404 
Tilly  Foster  Mine  (New  Y^ork),  819 
Tilt  Cove  (Newfoundland),  861,  862 
Timan  Mountains  (Russia),  540,  549 
Timl)arra(N.S.W.),  649 
'I'inci-oft  (Coi'uwall).  213 
Tingha  (N.S.W.),  667 
Tisken  Lake  (Sweden),  538 
Todholes  (Cumberland),  249 
Todtenau  (Black  Forest),  378,  380 
Toenich  (Luxemljourg),  353 
Tolma  (Colombia),  889 
Toml)stone  (Arizona),  762,  763 
Tonioh  (Malaysia),  605 
Tomsk  (Russia),  554 
Toppa  Valley  (Turin),  462 
Tough  Nut  Mine  (Arizona),  763 — 766 
Towednack  (Cornwall),  206 
Townsville  (Queensland),  681 
Tranquille  River  (British  Colund>ia),  857 
Transbaikal  (Siberia),  544 
Transvaal,  the,  61,  62,  731—740 
Transylvania,  163,  430,  450,  456—459 
Ti'as  OS  Montes  (Portugal),  516 
Travancore  (India),  562 
Ti'aversella  (Aosta  Valley),  479 
Treadwell  Mine  (Alaska),  770 
Treborough  (Somerset),  241 
Tregoning  Hill  (Cornwall),  209 
Trei-ddol  (Wales),  288 
Tres  Puntas  (Chili),  874 
Trevaunance  (Cornwall),  173 
Trevellas  Coombe  (Cornwall).  173 
Triano  (Bilbao),  506,  507 
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Tiichinopoli  (Madias),  581,  .'M),  rm 
Trient  (Tyrol),  4-W 

Tringganii  (Malaysia),  o98,  601,  G02,  (iOG 
Trinity  Co.  (California),  754 
Trockenberg  (Silesia),  424 
Troms0  (Norway),  .323 
Trondhjem  (Norway),  o23,  ")24 
Troutbeck  (Alston),  271 
Truro  (Cornwall),  203,  214,  215 
Tschudack  Mine  (Altai  ^Mts.),  554 
Tsu-Hung-Tung  Klines  (Cliina),  618 
Tuapeka  River  (New  Zealand),  713 
Tumut  and  Adelong  district   (X.  S.^^■.). 

648,  652 
Tonaberg  (Sweden),  535 
Tuolumne  Co.  (California),  22,  745,  75(i 
Turdetania  (■■^Oi  Alniaden) 
Turin,  462—465,  471,  478,  4711 
Tui'kestan,  554 
Turkey,  r^.'^S.  or^i) 
Tuscany,  162,  474,  476,  478 
T^veefontein  Mine  (Concordia),  727 
Tyndruni  (Scotland I,  321 
Tyne  Valley,  271,  275 
Tyn-y-groes  (Wales),  295 
Tyrol,  The,  43it,  440—445 
Tywardreath  (Cornwall),  217,  210 

Udepur  (Rajputana),  573,  583 
Uentrop  (Piiissia),  375 
Ufa  (Russia),  548 
Ullie  Riyer  (see  Helmsdale  River) 
Ulooloo  gold-lields  (Aiistralia),  687.  688 
Undal  (Xorwaj'),  524 
Underljerg  (Norway),  521 
Union  Reef  (Australia),  690,  691,  697 
United  Bastenberg  Mine  (Brilon),  371 
United  Kingdom',    189—325.     {See  Eng- 
land, &c. ) 
United  Samson  Mines  (Harz),  395 
United  States,  37,    177,    178,    181,740— 
83fJ 

Statistics,  791 ».  791,  8U2,  818,  826— 
83i» 

Antimony,  776.  8i  14—806,  829.  83it 

Bismuth,'  779,  829,  830 

Chrome  ii-on  ore,  828 

Cobalt,  828—8311 

Copper,  746,  779,  782,800,806—818, 
821,  829,  830 

Gold,  178,  741—791,  829,  830 

Lead,  746,  759,  767,  768,  776,  779, 
.782,  796—799,  829,  830 

Iron,  37,  181,  743,  746,  747,  752, 
763—767,  776,  779,  791,  798,  800, 
818-830 

Manganese,  820.  828-830 

Mercury,  74(i,  791—796,  829,  8.30 

Nickel.' 828— 830 

Platinum,  829,  830 

Silver,  177,  178.  741—791,  829,  830 

Tellurium,  746,  779 

Tin,  802—804.  829,  830 

Zinc.  746.  77(i.  798- -S02.  82(^  829.  830 


Unterinnthal,  The  (Tyrf)I),  442 

Upland  (Sweden),  5.30,  538 

Upsala  (Sweden),  536 

Upton  (Canada),  842 

Upton  Pyne  (Devon.),  236 

Ural  Mountains,  25,  186,  540—549 

Urigain  {-see  Uurigam) 

Utah  (U.S.A.),  5.5,  177,   760—762,   799, 

805 
Utica- Stickles  Mine  (California),  750 
Utu  Islands  f Sweden),  537 
Uurigam  (Mysore),  567 — 570 


Valcamoxica  (Lombardy),  480 

Val  di  Scalve  (Lombardy),  480 

Valenciana  Mine  (Mexico),  862 

Vale  of  Eden  (Westmoreland),  244 

Vale  of  Neath  (Wales),  285 

Vallalta  (Agordino),  464 

Valle  (Norway),  525 

Valle  Brembana  (Loml)ardy),  468,  469 

Valle  Seriana  (Lombard}-),  468,  469 

Valongo  (Portugal),  513 — 516 

Val  Toppa  (Turin),  462,  463 

Val  Trompia  (Lombaixly),  480 

Van  :Mine  (Wales),  292 

Vancouver,  858,  859 

Var  (France),  3.30 

Varaldsii  (Norway),  183,  184,  525 

Vascongada  (Hiendelaencina),  494 

Vater  Abraham  ^line  (Marienberg),  417 

Vattonde  (Eubcea),  491 

Vaudreuil  (Canada),  833,  848 

Vedrin  (Belgium),  352 

Vegetable    Creek    (N.S-.W.),    663—667. 
671 

Vellestavia  (Pyrenees),  329 

Venezuela,  88.5—887,  889 

Venkatagiri  taluk  (India),  581 

Venta  Mines  (Spain),  498 

^'erdad   de   los  Artistas   Mine    (Spain), 

494 
Vereinigtfeld  ^line  (Freiberg),  415 

(Zinnwald),  419 
Vereingt-Zwitterfeld     Fundgrube    Mine 

(Zinnwahl),  419 
Vermilion  Range  (Lake  Superior),  825 
Vermland  (Sweden),  .536,  538 
Vermont  (U.S.A.),  817,  848 
Vestmanland  (Sweden),  531,  532,  538 
Veta  Biscaina  Lode  (Mexico),  865 
Veta  Madre  Lode  (:SIexico),  862—865 
Vetsen  (Norway),  522 
Vialas  (Lozere),  340—342 
Vicdessos  (Ariege),  .329 
Vicenta  (Spain),  498 
A'icenza  (Italy),  462,  466,  469,  472 
Victoria,    10,'  24,    119.     138,    155—160, 
619—648 
Statistics,  643,  645,  648 
Antimony,  138,  619,  647,  648 
Copper,  619,  646—648 
(iold,  24.  119.  619—648 


918 


GEOGRAPHICAL    INDEX 


Victoria,  Iron,   B19.  (i-20,   (i2()— (i-2S,  (i^l . 

633,  (334,  (337.  (141.  (34(i.  (348 

Lead,  619,  62(J,  646,  648 

Manganese,  620,  646 

Silver,  624,  646 

Tin,  619,  621,  647,  648 
Vieille  Montagne  (Aix-la-Chapelle),  3.)9, 

360 
Yigneria  (Elba),  480—482 
Yigra  (Wales),  292,  294 
Vigsiiaes  (Norway),  524,  525 
Villach  (Carinthia),  430 
Villa  Real  (Portugal),  514 
Ville-en-Waret  (Belgium),  353 
Villefort  (Lozere),  340,  342 
Villefranche  (France),  343 
Vinuela  (Spain),  505 
Viontana  (aee  Sungei  Ujong) 
Virginia   (U.S.A.),    116,   138,  755,    758, 

785,  786,  814,  825,  828 
Virtuous  Lady  Mine  (Cornwall),  227 
Vizeu  (Portugal),  514 
Vizille  (Isere),  328 
Vorospatak  (Hungary),  114,  450,  458 
A^osges,  the,  161,  333—336 
Vryhrid  (Transvaal),  734 


"Wadxamixijo  (Australia),  689 
^^'aihi  Mine  (New  Zealaml),  717 
U'aipori  (New  Zealand),  719 
Wales,  44,  113,  252,  285—304 
Statistics,  292,  295,  299,  303 
Copper,  288—290,  292,  295 
Gold,  292—297 
Iron,  285—287,  290,  292,  295 
Lead,  288—292,  255—299 
Manganese,  287,  296 
Silver,  288—292,  299 
Zinc,  288—292,  259,  299 
Wallace  Mine  (Lake  Huron),  844 
Wallaroo  Mine  (Australia).  692—694 
Wallerawang  (N.S.W.),  669 
Wall's  Lode  (Ovoca),  309 
Wanlock  Head  (Dumfries),  321.  322 
Waratah  (Tasmania),  7'K3,  707,  712 
Warren  (isew  Hants.),  800 
Washington  (U.S.A.),  769 
Washington  Co.  (Missouri),  798 
Washoe  Country  (Nevada),  756,  758 
Wassaw  (("{old  Coast),  729,  730 
Waterford  (Ireland),  316 
Watson's  Creek  (N.S.W.),  (364 
Watsonville  ((.^kieensland),  681,  685 
Waverlev  (Nova  Scotia),  154,  849,  851 
Waverlev ^line  (Wood's  Point),  635,  636. 

642 
Weald  of  Kent,  37,  260 
Weardale  (Durham).  111.  113.  24(i,  245. 

271,  277 
Weedon  (Canada),  831 
Weilburg  (Prussia),  378 
Weitisberga  (Thiiringen),  406 
Welkenriidt  (Belgium),  360 


Wellingborough  (Northamptonshire),  257 

Wellington  Klines  (Lake  Huron),  844 

Wellmich  (Rhine),  365.  367 

"  Welsli  Potosi"  :Mines  (Wales),  288 

Wemmer  !Mine  (Witwatersrand),.  59 

Wendron  (Cornwall).  145,  209,  210 

Wenlock  Shales  (Wales),  289 

Wensleydale  (Yorkshire),  113,  279—282 

Wenzel  Mine  (Wolfach),  379 

Werkh-Issetsk  (Russia),  541 

Werlau  (Germany),  365,  367 

West  Australia  [we  Australia,  Western) 

Westluiry  (Canada),  831 

West  Chiverton  Mine  (Cornwall),  215 

Westland  (New  Zealand).  713.  718 

Westmoreland,  278,  279 

Westmoreton  ((,^)ueensland).  680 

West  Moimtain  (Utah),  760 

Westphalia,  44,  363—378 

Wetzlar  (Nassau),  375 

Wexford  (Ireland),  310 

Wharfedale  (Yorks.),  113,  279,  280 

Whitchurch  (Glamorgan),  285 

Whitehaven  (Cumberland),  245—250,  286 

White  Pine  (Nevada).  759 

Whroo  (Victoria),  634.  647 

Whyte  River  (Tasmania),  707 

Wiatka  (Russia),  548 

Wickham  (Canada),  842 

Wicklow  Co.  (Ireland).  306—312.  316 

Wiehl  (Rhine),  364 

Wiesloch  (Baden),  379,  381 

Wildberg  (Rhine),  364 

Wildemann  (Harz),  384,  389 

Wildesberg  (Erzgebirge),  417 

Wild  River  ((Queensland).  683,  684 

William's  Creek  (British  Columbia),  855, 

856 
^^'iltshire,  257,  258,  263 
Windham  (Canada),  848 
Windisch-Bleiberg  (Austria).  445 
Winterthal  (Harz),  392 
Winslow  (Maine),  802 
\Yinthrop  (Prussia),  375 
Wipper  Vallev  (:Mansfeld).  396 
Wisconsin  (U.S.A.),  796,  797,  817,  818 
Wisokaia  Mountains  (Russia),  548 
Wittich  (Germany),  379,  380 
Wittichen-Reimerzau  (Black  Foi-est),  130 
Witwatersrand  (Transvaal),  18,  19,  58  — 

64,  98,  731—734,  738.  739 
Wolfach  (Black  Forest),  130,  379 
Wolkenstein  (Erzgebii'ge),  4(iS 
Wombat  Creek  Omeo  (A'ictoria),  647 
Wombat  Hill  (Tasmania).  711 

(Victoria),  629 
Woodend  (Furness),  249 
Woodford  (Northampton).  257 
Wood's   Point    (Beechworth),  621,    622, 

635 
\Yorkington  (Cumberland),  245 
Wurtsboro'  (U.S.A.),  800 
Wvalong  gold-fields  (N.S.W.),  649,  650 
Wve  Vallev  (Wales),  289 
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Wvnaad,  The  (India),  138,  o&2 — .")(i7 
Wyoming  (U.S.A.),  7S4 

Yakima  Co.  (Washington),  7(Ji) 
Yakntsk  (Siberia),  ."544,  o-io 
Yankee  Fork  (Idaho),  768 
Yankee  Oirl  Mine  (Colorado),  779 
Yarra  River  (Victoria),  647 
Yeniseisk  (Siberia),  544,  .34.') 
Yerrapilly  (Madras),  .581 
Yilgarn  (NV.  Australia),  699,  7<-ll 
Yrmkiiping  (Sweden),  538 
Y'orke's  Peninsula  (Australia),  694 
Yorkshire,  252—257,  261,  279—282 
Ystrad  Meyric  (Wales),  288 
Ytterpen  (Norway).  524,  525 
Yuba  River  (California  I,  743,  744 
Yukon  Valley  (X.W.  Territory),  858 


Yuiuian  (China),  619 
Yuruari  (Guiana),  886,  887 

Zacatecas  (^Mexico),  863 

Zalatlnia  (Hungary),  450 

Zaruma  (Ecuador),  890 

Zea  (Greece),  490 

Zebru  (Lombard}-),  479 

Zeehan  (Tasmania),  705 — 707 

Zell  (Tvrol).  441 

Zellerfeld  (Harz),  384—389 

Zinnwald    (Erzgebirge),    169 — 173,    418, 

419,  430,  438 
Zomelahuacan  (Mexico),  864 
Zorge  (Harz),  404 

Zoutpansberg  (Transvaal),  738,  739 
Zweibriicken  (Palatinate),  383 
Zwickau  (Germany),  415 
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Ahris-i  der  Oeoynosie  des  Harze",  A.  v. 

Grofkleck,  384 
Adaniine.  occurrence  of  in  Greece,  485 
Addre-«,   Royal  Instifntion  of  CormvaU. 

W.  .).  Henwoocl,  191 
Adrian,  on  the  Hodritsch  formation,  451 
Age  of  veins,  113 
Agi'icola  on  Eisenberg,  363 
on  lodes,  12i» 
on  Silesia.  421 
mines  at  time  of,  51(i 
Airdrie  blackband,  323 
Alaniillos  Co.,  495 
Alaska-Mexican  Co..  77') 
Alaska-Treadwell  Gold  Mining  Co. ,  770 
Albion  Mining  Co.,  042 
Albuquerque  I)"Orev  on  Portuguese  min- 
ing. 513 
Alluvial  detritus,  2 
Allu\-ial  gold,  20 
Alhivial  Tin  D<'2M'iits  of  Sial;  Snmaf.ra, 

C.  -M.  Rolker,  35 
Almada  and  Tirito  Co. ,  865 
Alphonse  Pallu  et  Cie.,  338 
AJfai,  Der,  B.  v.  Cotta,  554 
Aluminium.  2 

American  Journal  of  Sr'itnrt,  Derbv,  868 
Hunt,  861 
Rising,  793 
American  theories  on  ore  deposits,  1.34, 

135,  139 
Analyses  of  ankerite,  8.53 

Antler  containing  tin,  32 

Bluestone,  303 

Bog  iron  ore,  38,  40 

Camborne  saline  springs,  201,  202 

Colorado  iron  ore,  40 

Com.stock  Lode  water,  118,  119 


Analyses  of  iion  sinter,  H»6 

ilansfeld  copper  schist.  402 

Micas,  131 

Moisie  iron  sands,  26 

Xova  Scotia  copper  ore,  54 

Ore  from  Storvai't's  mine,  523 

Rio  Ti]ito  iron  ore,  42 

Sericite,  367 

Sideroplesite,  853 

Silicified  lignite  and  wood,  22 
"Angling  leads,"  850 
Ankerite,  853 
Anleitiiny  ziir  JIarlischeidel'unst,  v.  Oppel, 

121 
Annates  Soc.  Geol.  Behj.,  Ma.ssaret,  .505 
Amvales  des  Mines,  Boret,  872 

Braun,  378 

Crosnier,  884 

Daubree,  145 — 147 

Guenyveau,  338 

Herteau,  720 

Laur,  117,  745 

Lodin,  339 

Manes,  419 

Play,  5(13 

Pouvanne,  723 

Rabv,  343 

Rivero,  883 

Rivot,  337,  340 
Annual    Report    of    the    Department    oj 
Mines,  651,  652,*658— 662, 668,  670,  672 
Annual  Report  of  the  Secretary  for  Mines, 

637,  644,  648 
Annual  Report  of  (he  State  Mineralogist, 

8th,  752  ;  10th,  748 
Annual  Report  of  the  Under  Secretary  for 

Mines,  676,  680,  682,  685 
Annual    Rejjort    of   the     Witiratersrand 

Chamber  of  Mine-'^,  733 
Antimony,  Austria,  439,  442,  449 

Belgium.  356 

Cornwall,  224 

France,  342,  350,  352 

Germanv,   375,   379,   385,   390,   4<i5 
408,  409,  428,  429 
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Antimony,  Hungary.  4o(»,  460 

Italy,  466— 468,'482,  4S;i 

New  South  Wales,  67"  •,  672 

Portugal,  513,  514,  517 

Queensland,  686 

Russia,  558 

Spain,  505,  512 

Turkey,  559 

United   States,   776.  804—806,  829. 
830 

Victoria,  138,  619,  647.  648 
Antlers,  mineralised,  from  C(>rn\\  all,  32. 

147 
Apercii    des   E.ichesses   MiiK-rah"   dt    la 

Bu.m.p.  d'Unrope,  540 
Aqueous  deposition  from  aliove,  Theory 

of,  126 
Archrean  formations,  172,  780,  781,  820 
Airhiv  fiir  praliAsrht  (ieohqie,    F.  PoS- 

epny,'25,  138,  139,  431,  434.  543 
Argall,  P.  H.,  307,  313 
Argo,  Archibald,  320 
Arizona  Copper  Co.,  810 
Arnold,  T.,  244 
Arsenic,  Austria,  434.  436.  439,  440,  449 

Cornwall,  206,  228,  233 

Devon,  234,  235,  240 

France,  335 

Germany,   374,   390,  408.   409,   413, 
416,  419,  420,  425,  428,  429 

Hungary,  453,  457,  458 

India,  574 

Italy,  473 

Norway,  528 

Russia,  554 

Spain,  500,  504,  512 

vSweden,  535,  537 
Artificial  foi-mation  of  tinstone,  &:c.,  146 
Ascension  theory,  the,  136 
Ashburner,  W.,"^762 
Asia  Minor  Mining  Co. ,  558 
Av/sucMing  und  Unfersvchinu/t:  Lagcr- 
st('iffen    nutzbarer    Miiiern/ien,   M.    P. 
Gatzschmann,  409 
Auriferous  antimonial  ore,  648 

Drifts,  20 

Granite,  649 

Quartz,  20 

River-beds,  622 
Australasian  Assoriation  for  tJu  A<hr(n<-<  - 

menf  of  Science,  H.  Kayser,  709,  711 
Australian.  Handhoolc,  694 
Austro-Belge  Co.,  469,  490 
Avicula  seam,  261 
Ascinite,  146 

Azoic  formations,  518,  524 
"  Azulaques,"  863 

Rabaxek  and  Seifert   on  Joachimsthal, 

436 
"Back"'  defined,  69 
Baddeley,  Lieut.  830 
Baillis,  M.,  508 
Baird  and  Co.,  Ltd.,  57i' 


Balcarres  MSS.,  The,  317 

Ball,  Prof.,  on  India,  560—562,  572,  573. 

584,  589,  594,  595 
Ball  coal,  324 
Balls  of  ironstone,  261 
"Banket ""  reefs,  58 — 64 
Barber,  F.  H.,  563 
Barilla,  882 

Barrande  on  Austria,  431 
Barratt  on  India,  581 
"  Barrel"  quartz  in  Nova  Scotia,  154 
Barrett's  Berlyn  Co. ,  737 
Barj'tic  lead  formation,  410,  412 
Bauxite,  315 

Basalt  cappings,  625 — 629,  694 
"Basins"  defined,  12 
"Basset"  defined,  12,  69 
Bauer  on  Italy, 473  (see  ( ieorgius  Agricola) 
Bauerman,  H.,  375,  594 
Baumei-  on  veins,  121 
"  Beach  boxes,"  714 
"  Beach  combers,"  714 
"Bean"  ore,  44,, 382 
Beaumont,  De,  Elie,  97 
Beauxite  (see  Bauxite) 
Beche,  H.  T.  de  la,  71,  75,  81,  193,  283 
Becher,  on  veins,  121 
Becker,  G.    F.,  82,   135,   136,  755—758, 

795 
Bedded  veins  (see  Veins) 
"  Beds"  defined,  12 
Bell,  Sir  Lowthian,  "On  the  American 

Iron  Trade,"  2(i2,  819 
Bell,  R. ,  on  United  States,  807,  834 
"  Belt,"  the  (Dakota),  782 
Bendigo  gold-field,   the,  T.   A.    Rickard, 

156 
Bengal  Iron  Co.,  the,  594 
Beoharhtuuyen.   iiher  die  Harzgebirg( ,  (t. 

O.  S.  Lasius,  122 
Beresite,  occurrence  of,  25 

Ural  Mountains,  542 
Berghaii  und  Hidtenkunde.  Dr.  A.  Gurlt, 

384 
Ber<it)au    von.  Onanaxii<(fo,    E.    Tilmann, 

862 
Be  rg-nnd     Hilt  fen  nidnn  isch  <-_  .<     Jn  h  rhnch , 

Babanek,  436 

Bliimeke,  383,  384 

Faller,  455,  456 

(4audententhurm.  44(t 

Grimm,  457,  458 

Kerl,  404 
Berg-und  Ilidien  Kalender,  408 
Berg-itnd  Hi(ftenmdnnischeZeitung,Bei\iit, 
413 

Cotta,  453—455,  459,  473  554 

Credner,  814 

Crroddeck,  6 

Gurlt,  520 

Igelstr('>m.  53() 
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Lipken,  87<) 

Miiller,  418,  549 
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Btro  -  und     HiHtenmannische      Ztitumj, 
dOrey,  513 
Peters,  459 
Reck,  880,  881 
Reyer,  474 
Sandberger,  374 
Scheerer.  520,  525.  527 
Schmidt,  A.  R.,  441—444 
Schmidt,  A.  St.,  473 
Schoultz-Ascheraden,  555 
Staptf,  439,  441,  444.  532,  533 
Turley,  532,  537 
Weltz,  520 
On  Sardinia,  467 
On  Greece,  483 
Berrjirerhi    und  HiUteii  Produliion    Un- 

f/ant-s,  460 
Bermannus,  Georgius  Agricola,  120 
Bessemer  ore,  49,  182,  491 
Better  bed  coal  seam,  253 
Beiist,  on  Freiberg,  413,  414  ;  on  Rodna. 

458 
liidrwi  till  Sverigts  Officiela  Statisfik.  531 

—539 
Big  ore  Bed,  847 
BUdunfj  von   Ei-zlarjer-itutten,   &c.,  J.  H. 

L.  Vogt,  179 
Bischof,  G.,  129,  133 
Bismuth,  Austria,  436—439.  449 
Cornwall,  219 
Germany.   375.   379.   380,   408,   413. 

416—420,  428,  429 
Hungary,  460 
Xew  South  Wales,  671 
Xorway,  520 
Queensland,  686 
Russia,  542 
United  States,  779 
Bitumen     at     Oven     Pipe     Mine,    264, 

266 
Blackband.  44,  322—324.  377 
Black  Bed  Mine,  253 
Black  Brush  ore  (Forest  of  Dean),  243 
Black  Forest,  the,  378—382 
Black  Shale  Rake,  255,  256 
Blackstones  (sdt  Toadstones) 
Blackwell,  H.  S.,  260 
Blake,  W.  P.,  on  lateral  secretion,  135  ; 

on  U.S.A.,  740,  752,  762,  768,  805 
Blanchard,  on  the  Campiglia  Marittima, 

476,  477 
Blanford,  W.  T.,  578,  579,  591,  593 
•'Blast''  ore,  2.50 

Blende.  England,  166.  264.  266.  276,  277, 
284; 

France,  251,  .343 
Germany,  371,  423,  425 
Italy,  469 
Spain,  498 
United  States,  8(Xi 
Wales,  288—292,  295 
Blomeke,  Conrad,  383,  384 
Blow,  A.  A.,  on  Leadyille,  134,  162 
"Blows"  defined,  16S 


Bluestone    (Anglesea),    302,    303  ;    (Ire- 
land), 310 
Boate,  Gerard,  Xafaral  Hlttonj  of  Irt- 

land,  310 
Bobeit,  on  Kongsberg,  521 
Bog  iron  ore,  36-40 
Bohmer,  on  the  Harz,  392 
" Bohnerz,' 44,  382 
Boledn  de  la  C'omision  delMapa  Gaohjijiro 

de  E-ipana,  Garcia,  505 
BolfJin  dt  la  Sockdad  de  Fomtnto  Fabril, 

879,  8S3 
BoffiJin    de     la    Sociedad    Xacional    de 

Mintria,  878 
BommtUtn  o'j  Karin^tn,  Reusch,  519 
Bonanzas,  94 
Bonwick,  .J..  680 
Borlase,  on  Cornwall,  229 
Boron  in  minerals,  146 
Boscawen  family,  the,  205 
Botella,  F.  de,  495 
Bottom  Balls  coal,  255 
Bourson,  M.,  on  Bilbao,  508 
Boyet,  A.  de,  on  Brazil,  872 
Bowie,  A.  J.,  27 

Braubach,  'Si.,  on  the  Meggen  Mines,  378 
Braun.    on    Welkenriidt,    360 ;    on    the 

Black  Forest,  378,  379 
"Brecciated"  lodes,  defined,  87 
Breithaupt,  on  the  sequence  of  minerals, 

101 
Bremnaes  Gold  Co.,  Ltd..  519 
Br<'4J  >:H  1889,  868,  870,  872 
Brescia  Mining  Co. ,  Ltd. .  466 
Breirtr  Gold  Mine,  by  E.    Mots  and  T. 

M.  Chatard,  785 
British    A'^^ociation     Beports,     Stephen 

Eddy.  280 
British  Gold  [Mining  Co.,  294 
liroch,  0.  (t.,  on  Xorway,  518 
Broken  Hill  Proprietary  Silver  Mininsi 

Co.,  652—6.58 
Brooks,  on  U.S.A.,  819 
Bro%\-n,  A.  P.,  101 
Brown,  H.  J.  L.,  687,  689,  696,  702 
Brown  Rake,  253,  2.56 
Briiekmann,  on  Eisenberg,  363,  364 
Buchanan,  Di'.,  on  India,  562 
Buif,  on  Arnsberg,  375 
Bufit'elsdoorn  Co. ,  the,  733 
Bufli"on,  on  Guiana,  887 
BullcJin    de    la    Societe     de    rindustrie 

Minernlt,  Em.  Harze,  361 
■•Bunches"  defined,  95,  168,  179 
Bunter  formations,   266,  267  isee   Sand- 
stone) 
Burat,  on  Ziunwald,  171 
On  France.  331.  334 
Burchard,  on  Bolivia,  880,  881 
Burgstiidter  Lode  Group,  385 — 388 
Bxtzen,  168 

"C.\E  "  defined,  91 

Csesar,  on  English  mines,  190 
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Cainozoic  formations,  673 
Calamine.     Austria,  44(5 

Belgium,  359,  3(i() 

Germany,  372,  379,  381,  421—425 

Laurium,  488— 49(» 

Spain,  497 

United  Htates,  801 
Calcareous  formations,  175 — 179 
Calceola  Slate,  391,  392 
Calcite,  16() 

Alston  Moor,  274,  276,  277 

Wales,  290 
California  State  Mining  Bnrean,  754,  805 
Callao  Co. ,  the,  885,  886 
Calvo,  J.  B. ,  on  Costa  Rica,  891 
Camlnian  formation,  151,  263,  292 
Cameron,  W.,  318,  320 
Caminetti  Act,  23 
Campbell,  of  Islay,  320 

Dugald,  105 
Oanga,  872 

Cape  Copper  Mining  Co. ,  727 
"  Capel"  defined,  68 
Carbonas,  169,  170,  208 
Carl)onateof  Silver,  Miinster  on,  175 
Carl)oniferons     formations  :     Califoniia, 
741,  742 

England,  175,  176 

(^ermanv,  377,  378,  380,    405,    407, 
408 

India,  561,  580 

Portugal,  517 

Russia,  540,  541,  549—554 

Spain,  503,  504 

Victoria,  620,  649,  673 
Card,  G.  W. ,  on  occurrence  of  gold,  649, 
Carew,  R. ,  on  Cornwall,  219 
Carnall,  R.  v.,  75 

On  Silesia,  421 
Carne,  J.  E.,  on  Cornwall,  72 

On  New  S.  Wales,  672 
Carpenter,  F.  B.,  on  U.S.A.,  781,  803 
Carthaginians,  the,  513 
"  Carreg-y-Grogan,"'  301 
Carruthers,  W. ,  on  Rio  Tinto,  42 
Cassiterite,  Cornwall,  227 

Saxony  [see  also  Tin),  171 
Catalo(/ue  of  Californian  Minerals,  W.  1'. 

Blake,  740 
Cafalofi^ie    of  S.    Australian     Jfinerals, 

H.  J.  L.  Brown,  696. 
Cement  Rake,  254 

Census  of  the   U.S.    Mineral   Industries, 
11th.  791,  792,  79ft,  796,  799,  802,  803, 
806,  818,  827,  829 
Centeno,  Jose,  on  Philippine  Is.,  612 
Cerargyrite  silver,  'm 
Ce.rro  de  Proafio,  by  B.  Silliman,  863,  865 
Cerussite,  Foniiation  of,  105 

In  Wales,  290,  297 
Chalybite,  occurrence  of,  227,  290 
"Chambers  "  defined,  168 
Champion  lodes,  194,  195 
Chapades  Co.,  the,  338 


"Chapeau  de  fer,"  97 

Charcoal  seam,  at  Abercarn,  286 

(vharleton,  A.  G.,  on  India,  .567,  57<' 

Chartered  Co.,  the,  739 

Chauvenet,  Prof. ,  on  Bog  Iron  Ore,  39,  40 

"Check"  defined,  13 

"Cheeks'"  defined,  67 

"Cheeses  ''  defined,  255 

Chemical  Essays,  Bishoj)  Watson,  284 

Chenot  process,  the,  507 

Chevalier,  on  Bolivia,  880 

Childrenite,  occurrence  of,  227 

Chile  Company,  the,  886 

Chilian    Manganese    Mining   Co.,  Ltd., 

878 
"  Chimneys  >   defined,  94 
China  clay  districts,  217 
Chinese  miners,  588,  599— 6<i4,  609 
Christy  Co. ,  the,  762 
Chrome  Iron  ore,  26,  828,  829 
Chromite,  182,  186 
Chromium,  Greece,  491,  492,  671,  67 
Church,  J.  A.,  on  Comstoek  Mines,  118, 

119,  755,  758 
"  Churns  "  defined,  243 
"  Chutes  ■'  defined,  94 
Cinnabar  deposits  {see  Mercury 
Clark,  Ellis,  on  China,  617,  618 
Clarke,  W.   B.,  on  New  S.  Wales,  649, 

663 
Classification  of  ore  deposits,  3—11 
Clastic  deposits,  19 — 35 
Claudet,  F.,  303,  321 
Claudet  Process,  the,  in  Spain,  501 
Clay  Slate  {see  Killas) 
Clay  Wood  Mine,  254 
Clinton  Ore,  48,  832 
Coal  :  Auchingane,  324 

Ball,  324 

Barnsley  Thick,  254 

Bottom"^ Balls,  255 

Brighton  Main,  324 

Furnace,  255 

Gwr-hvd,  286 

01<1  M'ans,  286 

Silkstone,  254 

Three  Quarter  Balls,  286 

Belgium,  352,  355—360 

Derby,  252,  254 

Durham,  244 

Forest  of  Dean,  242,  543 

France,  340 

Germany.  44,  418 

India,  590 

New  S.  Wales,  648,  649    669,  670 

Pennsyhania,  825 

Russia,  551 

Scotland,  322,  323 

Spain,  504,  512 

Wales,  285,  286 

Yorkshire,  253 
Cobalt :  Austria,  436—439,  442,  449 

Cheshire,  268,  269 

France.  3.:u 


GENERAL    IXDEX 


9-2T 


Cobalt :  Geimauv,  379,  385,  390,  idU,  407. 
408,  411—420,  428,  429 

Hungaiy,  460 

India,  588,  596 

Xew  .S.  Wales,  672 

Xorway,  527 — 530 

Portugal,  514 

Russia,  540,  548,  550,  555,  ooS 

Spain,  512 

Sweden,  535,  539 

U.S.A.,  828—830 
Cocchi,  .J.,  on  Tuscany,  473 
Cochran-Patrick.  R.  W. ,  317 
"  Cockade  ' ores  defined,  88 
"Cockshute"  rocks,  South  Wales,  285 
Coleford  High  Delf  Seam,  243 
Colenso,  J.  W.,  129 
Colette,  M.,  on  Bilbao,  508 
Collins,  J.  H.,  32,  92,  845 
Collvweston  slates,  258 
"  Colorados,''  97,  863,  883 
Combes,  C. ,  75 
' '  Combs  '"  defined,  88 
Comby  lodes,  88—90 
Comision  Ejtciifica  de  Estadistica  Mincru, 

505,  511,  512 
Communion  Harz  Verwaltung,  the,  384, 

395 
CoinptesRtmlusde  VA  cademie  des  Sciences, 
Daubree,  326 

Durocherin,  128 
Corn-stock  Lode,  J.  A.  Church.  118 
"Cone  in  cone"  formations,  2.52 
Contact  veins  {-^ee  Veins) 
Contemporaneous  formation,  Theorv  of, 

123 
Copper,  52 — 54,  178 

Africa,  724 — 727 

South  America,  876—881,  887 

Anglesea,  30(J— 302 

Austraha.  687,  691—696,  702,  703 

Austria,    430,    431,    434,    439—445, 
449 

Belgium.  356,  358 

Canada,  834,  838—845,  859,  860 

Cornwall.    72,   107,   109,    193,  197— 
200,  204—222.  227—231 

Devon.  233— 23S 

England,  66,19(1.  191,  197—231,  238. 
255,  266—269,  273—275.  284 

France,  325,  330,335,  336,  343—352 

Germanv,  52,    53,    363—369,    373 — 
429 

Greece,  485,  490 

Hungary.  450—460 

India,  560,  580 — 587,  594 — 597 

Ireland,  306,  308,  310,  316,  317 

Isle  of  Man,  305 

Italy,  162,  461,  465—467,  471—475, 
4^9-583 

Mediteiranean,  132 

Mexico,  867 

Norway,  519 — 530 

Portucral  513 — 517 


Copper  :   Queensland,  673,  680 — 682,  686 

Russia,  540,  .542,  547 — 558 

Scotland,  321,  322 

South  Australia,  691 

Spain,  492,  495—501,  510,  512 

Lake   Superior,    125,    161,  185,  186 
(■see  U.S.A.) 

Sweden,  533 — ^535,  539 

Tasmania,  708,  709,  713 

Turkev,  558 

U.S. A*;,  746,  779,  782,  800,  8i36  -818, 
821,  829,  830 

Victoria.  619,  646-648 

Wales,  288—292,  295 
Copper  beariiKj  rorbs  of  Alderhy  Edge, 

Cheshire,  Prof,  Hull,  267 
Copper  Co.  Ltd.,  the,  862 
Cordelia,  A.,  on  Greece,  483 — 188,  492 
Cotta,  B.  v..  4.  II HI.  2S2 

Agordo,  473 

Almeria,  505 

Altai  Mts. ,  .554 

Amsberg,  375 

Banat,  459 

Black  Forest,  378—382 

Erzgebirge.  Ill,  409.  410,  415.  417 

Harz.  389,  391,  392.  404 

Xagvbanva,  453 

Ruhr,  37*7 

Spain,  497 

Transylvania,  455 — i58 
Cofta's    Gaufjsfudieu,    H.    Miiller,     415, 
416 

Oppe,  417 
"  Counter  ""  lodes,  195 
" Country-"  rock,  67,  108 — 112 
"  Course  "  of  ore,  67,  94 
"Crease"'  measures,  243 
Credner,  H.,  on  Germanv,  389,  391,  404, 
405 

U.S.A.,  814—816 
Cretaceous   formations.    117,    385.    473. 

484,  541,  .561,  590,  .591,  725,  867 
Creuzot  Co.,  the,  328 
Crosnier,  on  Pera,  884 
"Cross   cour.ses,"   58,  74,  75,   119 — 201. 

211,  218.  226.  227,  235 
Crossfield  Iron  Co. ,  the,  249 
Crown  Spelter  Co.,  Ltd.,  469 
"  Cr3"s  "  measures,  243 
Culm  series,  193,  385,  515 
Cupriferous  pyrites  deposits,  183 
Curdley  ironstone,  324 
Curtis,  J.  S.,    on   the   Comstock    Lode, 

758 
Cyanide  process.  Dr.  A.  Sheidel,  717 
Cypridina  slates,  374,  376 

Dahll,  on  the  Ki'agsgruben  Mine,  521 

Arendal  Mine,  529 
Daintree.  on  Gold.   119.  631.    641,    642, 
649 

On  Queensland,  673 
Dale  Moor  Rake.  255 
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Dalmer,  l)r.    Karl,    on   the   Erzgebirge, 

172 
Dana,  on  U.S.A.,  803 
Darlington,     George,    on     the    Mineral 

Mines,  298 
Darlington,  J.  on  the  Wynaacl,  556 

Aiistralia,  692 
Danbree,  on  tissures,  81 — 83,  147 
Sublimation,  128 
Solvenc}'  of  water,  138,  142 
Formation  of  ^linerals,  145 — 147 
Rhine  gold,  326,  327 
Dav^ej^  on  Xew  South  Wales,  663 
David,  Edgwovth,  on  New  South  Wales, 

663,  666,^667 
David,  I.,  his  grant  of  Scotch  gold  mines, 

317 
Daw,  John,  on  Norway,  519 
Dawson,  Sir  W.,  on  Nova  Scotia,  48 
Dawson,  G.  !M.,    on   British    Columbia, 

854,  856,  858 
Day,  David  T.,  on  U.S.A.,  829 
Dayton,  on  U.S.A.,  785 
Dean,  A.,  on  Wales,  292 
Dechen,  H.  v.,  on  Landsberg,  383 
Deep  leads,  formation  of,  21,  619,  625, 

649 
Deeplying  deposits,  43 
Deep  placers,  formation  of,  21 
Delius,  on  genesis  of  veins,  221 
Lateral  secretion,  129 
Rammelsberg,  392 
Del  Mar,  on  Comstock  lode,  758 
Z>e//'  oro  ill  nafnrn,  G.  Jarvis,  463 
De  Matricihwi  Metallorum,   J.   G.  Hoff- 
man, 121 
De   Ortu   tt   Caiisis  Subterraneorum,  G. 

Agricola,  120 
Deposits  from  solution,  46 — 51 
Derby,  0.  A.,  on  Brazil,  868 
De  Be  JletaUica,  G.  Agricola,  120 
Dei'y,  Carl,  on  Schemnitz,  452 
DescripcioH  (jeologica-minera  de  las  pro- 

rincias  de  JSInreia  y   Albacele,    F.    de 

Botella,  495 
Devereux,  W.  B. ,  on  gold,  25 
Devonian  formations,  192,  365,  371 — 378, 

384,  390,  391,  451,  504,  518,  540,   541, 

549—554,  620,  641,  653,  663,  672,  673 
Diamond,  Ural  ^lountains,  542 
Dieffenbach,  on  the  Eisenberg,  363 
Diest,  on  ]\Ialaysia,  608 
Diesterweg,  C,  on  Bleiberg,  368 
Dieulafait,  L.,  132 
Differentiation,  magmatic,  11,  ISO 
Diodoriis  Siculus,  on  veins,  120 
"  Dip,"  15,  17,  67 
Displacement  of  veins,  73-80 
Disseminations,  51 — 66,  185 — 187 
Distribution  of  ore  in  lodes,  93-97 
Diverging  veins,  73 
Dixon,  Captain,  on  India,  579 
Doelter,  C,  on  Vorospatak,  458 
"Dogger,"  262 


olerite  formations,  313,  314 

ollar,  derivation  of,  430 

omesday  Book,  242 

ory.  A.,  on  the  Asturias,  503.  504 

ouglas,  J.,   Junior,  on  U.S.A.    mines, 

99,  805,  809 

on  Canadian  mines,  840,  841 
"Downthrow"  defined,  13 
"Dradge"  lodes,  defined,  96 
Dredging  Lake  ores,  39 
"Droppers"  defined,  80 
Dubuque,  on  Wisconsin,  797 
Dufrenoy,  on  Rancie,  329 
Duke  of  Cornwall  Co. ,  the,  627 
Dulude,  at  Pontgibaud,  338 
Dunn,  R.  L. ,  on  California,  24 
Durocher,  on  sublimation,  128 
' '  Dutchman's  "  adit,  284 
Dutch  mineral  trade  with  Japan,  614 
"Dykes,"  69 

Early   Records    relafiv;/    to    Mining    in 

Scotland,  R.  W.  Cochran-Patrick,  317 
Earthquakes,  in  connection  with  fissures, 

84 
Easton,  N.  W.,  on  Samosir,  611,  612 
Ebbw  Vale  Iron  Co.,  240 
VEcho  des  Mines  et  de  la  Metallurgie, 

341 
Eddy,  Stephen,  on  Yoi'kshire,  280 
Ede,'  H.  E.,  on  Chili,  873,  877 
Edward  I.,  mining  in  the  reign  of,  236 
Eggertz,  Prof.,  on  Falun,  534 
Ehreuberg,  on  Bog  Iron,  39 
Eifel  limestone  (see  Limestone) 
"  Eiserner  Hut,  97 
Electric  currents,  Theory  of,  125 
Elizabeth,  mining  in  the  reign  of,  236, 

363 
Elvan  courses,  191—193.   201,  209—211, 

218,  223 
Emmons,  S.   F.,  52,  on   Leadville,  134 — 
135,  139,  148,  162 
U.S.A.,  773,  809 
Engelvinand  Dulac,  MM., at  Pontgibaud, 

338 
Engineerimj,  557 
Engineering  and  Mining  Journal,  56,  57, 

J.  Douglas,  juri.,  805 
Eocene   formations,    458,  464,  471,  477, 

550 
Epactic  deposits,  10,  11,  66 — 187 
Eredia,  Godinho  de,  597 
Erfahrungen    von    Innern    der    Gebirye, 

F.  W.  H.  V.  Trebra,  122 
Ernst,  C.  v.,  on  Italy,  462,  464 
Erosion  of  ore  spaces,  177,  178 
Eschwege,  W.   v.,   on  the  Edder,   363; 

Portugal,  516 
Eskbank  Iron  Co.,  660,  670 
Estadisfica  Comercial  de  Chile,  etc.,  874 

—878,  881,  882 
Estuarine  series.  Upper,  261 
Etruscans,  the,  mining  of,  466,  474,  476 
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iJtudes  Syiifhetiqiies   de  Geo/or/ie  exjKfi- 

meufaJe,  Daubree,  138,  145 
p]vans,  T.  F. ,  on  Parys  Mountain,  300 

Fahlbaxds,  11,  115  ;  at  Kongsberg,  148, 

142,  520,  521 
Fairbanks,  H.  W.,  on  California,  748 
Faller,  (4.,  on  Hungai-y,  455,  45(i 
Farey,  John,  on  Derbyshire,  283 
"Faults,"  13—19,  73—78,  150 
"Feeders"  defined,  80 
First  nnnual   general    report    vpon    the 
mineral  industry  of  the  United  Kinfj- 
dom,  C.  Le  Neve  Foster,  547,  558,  596, 
882 
Fissures,  80—85,  147,  148 
Fissure  veins  (.see  Veins) 
•Flats,"  166,  246,  276 
"Floor"  defined,  12,  169 
"Flcitz,"  401 

"Flucans"  defined,  68,  199,  218 
.Fodinw  Begales,  Sir  John  Pettus,  363 
Foord,  on  gold  nuggets,  632 
Foote,   R.    B.,  on  India,  561,  569,  570, 

575,  591 
"  Foot -wall "  defined,  67 
Forchhammer,  on  countiy  rock,  130,  133 
Forel-omster  afkise  i  visse  ski/ere  iNorge, 

Helland,  523 
Forest  of  Dean,  Rev.  G,  A.  Nicholls,  244 
Forests,  submerged,  of  Cornwall,  31 
Formation  of  veins,  123 
Fortuna  Co.,  the,  495 
Fossil  ore,  48 

Fossil  wood,  gold  in,  119,  620 
Fossils  in  veins,  112 

in  haematite,  176 

in  calamine,  177 

in  galena,  166 

in  ironstone,  48 
Foster,  C.  Le  Neve,  his  classification,  5  ; 
on  Cornish  veins,  90,  91 

Wendi'on,  144 

Park  of  Mines,  215 

Russia,  547,  558 

Guiana,  885 
Fournet,  67  ;  at  Pontgibaud,  338 
FouUis,  Tliomas,  317 
Fox,  R.  W. ,  on  electric  current  theorv, 

125 
Franklinite,  800 
Freeland,  F.  T.,  on  faults,  75 
Free  Miners  of  the  Forest  of  Dean,  244 
Freiberg's   Berg.   u.  Hiittenwesen,  C.  H. 

Miiller,  409 
Frick,  H.,  on  killas,  133 
Frue,  on  Canada,  837 
Fuchs  and  De  Launay,  on  French  mines, 
328,  333,  346,  347 

(ireece,  489 

Sardinia,  464 
FundainentaGeographireetHydrograijhiit' 

Siihferranea',  J.  G.  Baumer,  122 
Furugjelm,  E.  H.,  on  Finland,  557 


"Gabbro  Rosso,"  473 
Gaetzschmann,  M.  F. ,  on  Freiberg,  409 
(iaillonella  ferruginea,  39 
(;alena,  164,  166 

England,    227,    264,    266,  276,   284, 
288,  290,  295,  305,  310 
(langstudien,  B.  v.  Cotta  and  H.  Miiller, 

111 
"  Gangue  "  defined,  2,  85 
Garcia,  on  Cartagena,  505 
Garnet  occurrence,  443,    459,  533 — 536, 

542,  556,  583 
Garnier,  Jules,  on  New  Caledonia,  720, 721 
Garrucha  ore,  509 
Garside,  on  Alaska,  769 
Gash  veins  {see  Veins) 
Gatterer,  on  Harz  Mountains,  392 
Gaudententurm,  on  the  Tyrol,  440 
Gauls,  the,  mining  of,  325 
Geister  Lode  (Bohemia),  437 
General  Beport  on  the  Mining  Ind^istry 

of  Queensland,  676 — 680 
General     View    of-  the   Agriculture   and 
Minerals  of  Derbyshire,  J.  Farey,  283 
Genesis  of  Mineral  Veins,  119 — 15(J 
Genesis  of  Ore  Deposits,  F.  Posepny,  6 
Geogn.    Verhdltnisse    Thiiringen  und  des 

Harzes,  H.  Credner,  391,  404,  405 
Geographical  Journal,  H.  Louis,  603 
Geological   Magazine,    Prof.   Hull,    267  ; 

C.  E.  De  Ranee,  275 
Geological  Beport  on  Cornwall,  71,  75,  81 
Geological  Survei/  of  California.  114,  116  ; 
Dr.  Newberry,  627  ;    J.  D.  Whitney, 
741 

Canada,  832—834,  838,  840,  843,  846 
—849,   858;    Sir.   W.    E.   Logan, 
843  ;    Selwyn,  853  ;   Dawson,  854, 
857 
India,  Hughes,  588  ;  Holland,  592 
Michigan,    Pumpelly,    806 ;    Wads- 
worth,  807  ;  Brooks,  819 
Missouri;  Pumpelly   and    Schmidt, 

822 
New  South  Wales,  Edgeworth  David, 

663,  666,  667 
Northern   Queensland,   R.    L.    Jack, 

684 
Wisconsin,  J.  D.  Whitnej-,  796 
Geological  Survey  Bepo?-t,  C.'S.  Wilkin- 
son, 24 
Geologie  Appliquee,  Burat,  171,  331 
Geologie    Experimtntcde,    Daubree,    146, 

147 
Geologie   von   Oberschlesien,    Runge   and 

Riimer,  423 
Geology  and  Mineral  Veins  of  the  country 
around  Shelve,  Shrops.,  G.  H.  Norton, 
263 
Geology  and  Mining  Industry  of  Lead- 

rille,  Colorado,  S.  F.  Emmons,  162 
Geology  and   oj-e   deposits  of  Iron  Hill, 
Leadville,  Colorado,  A.  A.  Blow,  134, 
162 
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Geology  of  Ireland,  (4.  H.  Kiiialian,  311, 

313 
Geology  of  Rufland,  Prof.  Judd,  258 
Geology  of  the  Broken  Hill  lode  .  .  .  .  , 

Jaquet,  158 
Geology  of  the  Qukksilrer  deposits  of  the 

Pacific  Slojje,  G.  F.  Becker,  136 
(4eoi'gius  Agricola,  on  genesis  of  veins. 

120 
Gerhard,  on  genesis  of  veins,  122,  129 
Geschichte    des    Mineral-Reichs,    C.    A. 

Gerhard,  122 
(4 ill,  W.,  on  Bilbao,  506 
Gilpin,  Edward;  on  Nova  Scotia.  3S 
"Ginstone,"  324 
"  Glamm,''  458 

Glnser'-s  Anualen,  Dr.  A.  Thirlt,  492 
"  Glauch"  lodes,  456,  457 
Gneiss,  111,  181,  182 
Gold,  occurrence  of,  2.  28,  101,  106,  107, 
119,  150,  151,  178 

Africa,  728—739 

Australia,  687—691,  698—701 

Austria,  430,  439—443,  449 

California,  20—23,  27,  135,  741—754 

Canada,   830—834,   849—851,  854— 
858,  860 

CohisaCo.,  115,  116 

Dakota,  25 

England.  24,  190,  219.  275 

Trainee,  24,  325—327 

(iermany,  363,   364,  379.  380.    H95, 
405,  408,  409,  418,  421,  428,  429 

Greece,  484 

Guiana,  885 

Hungary,  450—460 

India,  509 — 576,  596.  597 

Ireland,  310,  311 

Italv,  462,  463,  476,  482,  483 

Malaysia,  597,  603—606,  611 

Mexico,  862—866 

New   South    Wales.    24.    648—654. 
658,  672 

New  Zealand,  24,  27,  713—718 

Norway,  519,  520,  530 

Nova  Scotia,  151,  152 

Portugal,  513 

Queen.sland,  24,  672—6811 

Russia,  25,  540—546,  554—558 

Scotland,  317—321 

South  America,  868—873,  879,  883— 
890 

Spain,  493,  501,  512 

Sweden,  531,  534,  539 

Tasmania,  703—705.  713 

Transvaal,  62—64,  731—740 

Turkev,  558 

United  States,   118,   741—791,  829, 
830 

Victoria.  24,  119,  619—648 

Wales,  292—297 

Witwatersrand,  58—64,  731—733 
Gold  Copper  and  Lead  in  Chota  Xagpvr, 
W.  King  and  T.  A.  Pope,  573,  578 


Golden  Rivers  Co.,  the,  ()28,  629 
Goldfields  and  Mineral  Districts  of  Vic- 
toria, R.  Brough  Smyth,  119,  619,  622, 
625 
Gold   Mines   of   the    Band,    Hatch    and 

Chalmers,  18,  59,  62 
Gonzalo  y  Tarin,  on  Huelva,   499 
<4ordon,  H.  A.,  on  New  Zealand,  24 
(ioslar  Slate,  183,  391,  392 
"  Gossans,"  97 — 99 
"  (jrouge  "  defined,  68 
Grabill,   L.    R.,   on   Bassick   ^line.  775, 

778 
(iranite  formations,    145,    169.   172,  181, 
182,  191,  192,  204,  206,  2U9     221,  227, 
234,  304,  318,  319 
Gray,  M.  H. ,  on  Chili,  874,  875 
Gray  ore,  of  the  Forest  of  Dean,  243 
Great  Aixstralian  Copper  Co.,  681 
Great  North- West  Co.,  the,  625 
(4reat  Limestone,  272 
Grke  sons le rapport  geologique  et  minera- 

logiquc,  A.  Cordelia,  483 
Green,  A.  H.,  on  Staffordshire,  etc.,  267 
Greensand  formation,  Lower,  257,  258 
(Gregory,  T. ,  on  Queensland,  682,  683 
"  (4reisen '"  in  Saxony,  170 — 172 
Grimm,  his  classification,  4;  on  Hungarv, 

457,  458 
Grits,  247,  282 
(Troddeck,  A.  v.,  his  classification,  5,  10 

On  lenticular  deposits,  153 

Holzappel,  367 

Harz,  384,  385 

Schneeberg,  416 

Agordo,  473 

Monte  Catini,  474,  475 

Almaden,  503 
Grouping  of  minerals  in  lodes,  99 — 106 
Guen^•veall,  on  Pontgibaud,  338 
"  Guides"' defined,  199 
Gurlt,  Dr.  A.,  on  Bleiberg,  369 

Harz,  384 

Greece,  492 

Kongsberg,  520 
Guttenstein  limestone  [see  Limestone) 
"  Gypsschlotten, "  at  Mansfeld,  53 
G'V'psum,  Mansfeld,  53 

Harz,  398,  400,  402 

Schemnitz,  451,  457 

Russia,  550 

Hacket  on  India,  579  :  on  gold,  649 
"Hade"  defined,  15,  67 
"  Halleflinta,"  182 

HLumatite    deposits,   46,    164,    167,    175, 
176,  182 

England,    237,    241,    243.   246—251, 

257 
Wales,  285—287 
Belgium,  352 — 353 
France,  328—330,  347 
Hague,  J.  1)..  on  Belsium,  355  ;  Russia, 
540 
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Halse,  E.,  -ifltJ 

"Halvans"'  .lefined,  20!) 

"  Hanging  wall"'  defined,  (57 

Hai'cus,  W. ,  on  the  Xortliern  Tenitoiv, 

690 
"  Hard  Branch  "'  formations,  102 — 104 
Harman,  F.  E. ,  on  Vinuela,  aO.l 
Harze,  Em.,  on  Belgium,  8(jl 
Hastings,  Warren,  letter  to,  5~H 
Hatch  and  Chalmers,  on  the  Transvaal, 

IS,  o9,  (52 
Haussmann,  on  The  Harz,  392  ;  Xoiwav, 

529 
"Hazle"'  defined,  2-t,i 
Head,  J.,  on  iScandinavia,  oST 
Heaf     of  the    Co >»■•:/ or/.-    Mi,i<.^.    J.     A. 

Church,  lis 
"Heave"'  defined,  13,  69 
Hector,  Dr.,  on  New  Zealand.  719 
Heim,  on  Fissiu'es,  S4 
Heinrich,  Carl,  on  U.S.A.,  817 
Helland,  A.,  on  Norway,  i>23 
Henckel.  on  genesis  of  veins,  121 
Henrv  II. ,  mining  in  time  of,  242.  33S 
HeuM-ood,  W.  J.,  101,  126 

On  Cornwall,  102,  108,  170,  173,  191, 
194,  195,  199—204,  223,  22(i 

India,  154,  584—586,  594 

U.S.A.,  785 

Brazil,  868 

Chalanches  mines,  350 
Herder,  on  Freiberg,  411 — 413 
Hereford,  Earl  of,  Roger,  son  of.  242 
Herter,  P..  on  Norway,  520,  52() 
Heurteau.  Em.,  on  New  Caledonia,  720 
Hilarion.  Roux  and  Co.,  484 
Hodge,  J.  T.,  on  U.S.A.,  817 
Hodges,  A.  D. ,  on  Peru,  884 
Hilfer,  H. ,  on  Austria,  454,  45(i 
Hoffman,  J.  C.,  on  genesis  of  veins,   121 
Hofman,  H.  0.,  on  Dakota.  782 
Holibaugh.  J.  R.,  on  U.S.A.,  801 
Holland,  on  India,  592 
Hollister,  0.  J.,  on  Utah,  760,  7()2 
Hooker,  Dr. ,  28 

Hopetoun.  Charles,  Earl  of.  317 
Hoppensaek,  J.  M. ,  on  Almaden,  503 
Hornblende,  analysis  of,  131 
Horn  silver,  55 
'•  Horse  ""  defined,  72 
Hoskold,  H.  D. ,  on  Argentine  Rep.,  890 
Houghstetter,  190 
Huene,  on  (Tladbach,  372 
Huet,  on  (Treece,  489 
Hughes,  T.  W.  Hughes,  on  Burma,  .">8S 
Hull,  Prof.'  Ed.,  on  Staffs,  and  Cheshire. 

267 
Human  Remains,  in  CornMall,  22,  30. 
Humljoldt,  on  (xuiana,  887 
Hunt.  R.,  on  Cornwall,  2o3 

Statistics,  278 
Hunt,  Dr.  T.  Sterrv,  802,  813,  816,  819, 

861 
Huronian  formations,  817.  823,  834,  843 


Hydraulic  Mining,  23,  743 
Hydra idir  Mining,  A.  J.  Bowie,  27 

IcKL STROM,  L.  J.,  on  Sweden,  536 

Igneous  Injection,  Theory  of,  123 

Igneous  Rocks,  179 — 187 

Ilseder  Company,  the,  404 

Impregnations,  10,  11 

Indian  Gold  !Mines  Co. ,  the,  ."')()7 
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country  on  lodes,  108 
Ingalls,  W.  R.,  on  Mexico,  867 
Institution  of  Jledianiraf  Euqinnrrs,  Pro- 

reediwjs  1873,  J.  H.  Collins.  92 
Intei'section  of  veins,  73,  79 
Iridium,  26,  542,  546 
Iridosmine,  26 

Iron,  35—46,  50,  51,  54,   161,    166.    178, 
180,  184,  191 
Africa,  722—724,  739 
Austria,  430—435,  439—449 
Belgium,  352—357,  360—362 
Canada,  846—854,  860 
Cornwall,  197,  218—229 
England,    191,    234,  237,    240—268, 

274—276,  284 
France,  325—330,    333—337,    343— 

348,  352 
Germany,  365,  366,  369—394,  400— 

429 
Greece,  484,  485,  490—492 
Hungarv,  451 — 460 
India,  28,  560,  569,  574,   587—597, 

605 
Ireland,  306-308.  312—316 
Italv,  461.  465—467,  471—483 
New  South  Wales.    649,    653,   654. 

658,  669—672 
Norway,  521 — 530 
Portugal,  514,  517 
Russia,  540,  542,  547 — 558 
Scotland,  319—324 
South  America.  872,  879 
Spain,  40.  41,  492—512 
Sweden,  531—539 
Turkev,  559 

U.S.A.,   743,  746,  747,    752.   763— 

767,  776—791,798—800,818—830 

Victoria,   619,   620,    626—634,  637. 

641,  646,  648 
Wales,  43,  285-287,  290—295,  302 
Bog  and  lake  ores,  37 — 40 
Sands,  26,  27 
Sinter,  105 
Slate,  46,  47 

Ironstones,  252 — 256,  261,  324 
Iron  and  steel,  J.  Percy,  28,  39,  180 
Iron  ores  of  Great  Britain,  44,  175,  243, 
508,  509 

3    O    2 


932 


GENERAL   INDEX 
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deck,  367 

A.  Sjogren,  536 
Jamieson  shaft,  at  Broken  Hill  lode,  159, 
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Jervis,  on  Italy,  463,  478,  480 
Jet,  formation  of,  21 
Joass,  on  Scotch  gold,  320 
John,  King,  mines  in  reign  of,  229 
Johns,  J.  H.,  on  India,  568,  569 
Joints  of  I'ocks,  153,  165 
Jones  and  Rupert,  45 
Journal  Iron  and  Steel  InHtitute — 

A.  L.  Steavenson,  262 

Sir  Lowthian  Bell,  262,  819 
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B.  Lotti,  481 
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465,  497,  550,  741,  874 

Kaempfer,  on  Japan,  614,  615 
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Kerl,  on  the  Harz,  404 
Keuper  formations,  66,  133,  266,  553 
"  Kidney  ■'  or^e  defined,  250 
Killas  (clay  slate),  133,   191,   192,  202— 

206,  209—227,  233,  234,  240,  241 
Kinahan,  G.  H.,   on  Ireland,  307,  311, 

313, 
Kindler,  on  iron,  36 
King,  W.,  on   India.  562,  563,  573,  577, 

578,  591 
King,  Clarence,  on  California,  740,  755 
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Argentine  Repriblic,  889 
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Kdlder,  Prof.,  on  the  Harz,  394 
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Konysbery    Erbsdistrikt,   Miinster,    521, 
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(Trinmi,  4 
Lake  Iron  Ore  (see  Ii-on,  Bog  ores) 
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Laur,  P.,  on  California,  117,  137,  715 
Laurentian  formations,  26,  516,  517.  817 
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Lava  flow,  186 
Lavelle,  on  India,  568 
Lawrys  Carbona,  208 
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lead    ore  in     veins,  W.   Wallace.   127. 
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449 
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France,  325,  331—343,  347—352 
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385—388,  394,  395,  408—412.  415, 
416,  420—429 
Oreece,  484—492 
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Kansas,  J.  R.  Holibaugh,  801 
"Leads,"  21 
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Le  Conte,  on  lateral  secretion,  135,  139 
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343,  347,  477 
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Limestone  formations,  Belgium,  355 — 36<» 
Cocklesliell,  275,  27(5 
Devonian,  371 — 376 
Eifel,  371 

England,    53,    IK.)— 113,    127,    149, 
164—166,  175—177,  242,  244—252, 
269—284 
Wales,  297,  298 


Limestone  formations,  (4uttenstein,  442, 
447 

Mountain,  175,  247,  251,  504 

Scar,  275,  276 
Lingula  flags,  263 

Lipoid,  M.  v.,  on  Austria,  447 — 451 
Lippen,  on  Chili,  876 
Lisbon-Berlyn  Co.,  the,  734 
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Ltif strand,  on  Sweden,  536 
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Lorraine,  Duke  of,  334,  335 
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Elba,  481 
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"  Straits  Tin,"  33,  35,  602 

Nova  Scotia,  49,  853 

Analysis  of  copper  ore,  54 

Occurrence  of  gold,  101,  149 

"A  Chinese  system  of  gold  milling," 
602,  605 

"The  River  Teluban,"  602 

Transvaal,  735 
Loupot,  at  Pontgibaud,  338 
Lukis,  E.  du  B.,  on  Sentein,  347 
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Magnesium,  2 
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Manes,  on  Ceyer,  419 
Manganese  :  Austria,  439.  449 
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268,  284 

France,  342,  347,  349,  352 

Germany,  373,  377—379,  384,   385, 
400,  404—408,  427—429. 

Greece,  490—492 
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Italy,  461,  478,  482,  483 

New  S.  Whales,  672 

Nova  Scotia,  854,  860 

Portugal,  517 

Queensland,  686 

Russia,  540,  548—554,  558 

South  America,  877—879,  891 

Spain,  511,  512 

Turkey,  559 

U.S. a";,  820,  828—830 
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Mansfelder     Kiipferschieferhatiendt     Ge- 
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Mariposite,  occurrence  of,  748 
Marlstone  rock,  Lincolnsliiie,  'KM 
Martite,  47 

Massaret,  on  Salamanca,  5".") 
Masses,  168 — 187 

Mather,  on  Sullivan  Co.,  U.S.A.,  SIMt 
*'  Matrix"  defined,  2,  2U 
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746,  791—796,  829,  830 
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Winchell,  47 
Mesozoic  formations,  35.  256 — 263.  64n. 

673,  820 
"  Metales  calidos,"  875 
"  Metales  fries,"  875 
Metallic  Wecdth  of  the   Umted  State-^.  J. 

D.  Whitney,  785,  796,  799,  806,  814 
Metalliferous  Deposits,  W.   J.  HenA\ood, 

785  . 
Metallurgy  of  Iron,  H.  Bauerman,  375 
Metamoi'phosed  deposits,  4(i 
Metasomasis,  8 

Metasomatic  action,  147,  168,  174 — 176 
Mexico,  Luis  Pombo,  865 
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^lichel,  A.,  on  Canada,  833 
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Mills,    King   and    Weaver's    Irish    gold- 
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345 
"  Minerals  comf)lexes,""  726 
Jfiiieral   ludu.stn/.    The,    543—546,    552, 

760,  762,  768—771,  780—783,  789,  791, 

795,  796,  799,  810,  811,  818,  825—829, 

846,  866,  867,  881,  887.  891 
Minercdogia     Cornuhiensis,     W.     Prvce, 

284 
Mineralogical  Ma(/aziue,  J.   H.    Collins, 

33  ;  H.  Louis,  101,  149,  735 
Mineralogy  of  Derln/shire,  J.  MaA^e,  284, 

322 
Mineral  Resources  north  of  Fort  Ainfu-sla, 

Vt.  Ulrich,  687 
Mineral  Resources  of  Tasmania,  A.  Mont- 
gomery, 703—708,  712 
Mijieral  Resources  of  the  Argeidine  Re- 

puhlic,  F.  Packard,  889 
Minerals  of  Xeir  South  IVales,  A.  Liver- 

sidge,  667 — 670 
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Mineral  Statistics  {see  Statistics) 
Mineral   Statistics   of    Victoria,    (juoted, 
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Mineral  tallow,  252 
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(loslar,  F.  Ulrich,  393 
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Mines  and  Mineral  Sfcdisfics of  Xeu:  South 
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••  Minette,"  Beds  of,  44.  353 
Mingaye,    J.    C.    H..     on    Broken    Hill 

Mmes,  159 
Mining  District   of  Alston   Moor.    Wear- 
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Mining    and    Metallurgy    of    (Irjld    and. 

Sdrer,  J.  A.  Phillips,  868' 
Mijiing  and   Smelting   Magazine,  H.    C. 

Salmon,  2()3,  207  :  W.  W.  Smyth,  293  ; 

(j.  Darlington,  298 
Mining   Industries.   J.    D.     Hague,    355, 

540,  721 
Mining  Journal,   502,  701,  888  ;  Kuntz, 

63  ;  J.  E.  Carne,  672  :  C.  Vautin,  780  ; 

David  T.  Day,  829 
Miocene   formations.    21,    24.    312 — 316, 

450,  456,  465,  550,   619,   628,  629,  663, 

712,  723 
Mode  of  Occurrence  of  Gold,   H.   Louis, 

149 
Moissenet  on  Metalliferous  Veins.  96 
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Mokta-el-Haddid  Co.,  the,  723,  724 
Molasse  sandstone  (-see  Sandstone) 
:Moly1jdenite,  418 
JfonafaheJ'fe  fiir  die  Statistil:  des  Dentsrhen 

Rtirhs,  429 
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on  Japan,  014 
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Moore,  Charles,   112,  113 
Moore,  Ralph,  on  Scotland,  323 
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Mots  and  Chatard,  on  U.S.A.,  785 
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"  Mullocky  ■'  reefs,  635,  6.36 
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Kjerulf  and  Dahll,  528 
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V.  Rath,  520 
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^eiv  Theory  of  '/(c  Orii/in  of  V'Jiis,  A.  G. 
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Nicholson,  H.  A.,  on  Canada,  834 
Nickel  :  Austria,  4.36—442,  449 

Canada,  845,  846,  860 
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416—420,  425,  428,  429 
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New  South  Wales,  672 
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Spain,  512 
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